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INTRODUCTION 


LOCATION 

The aspen groveland of Glacier County, Montana, 
consists of a narrow zone of grove-grassland mosaic 
between the eastern front of the Lewis Range of the 
Rocky Mountain Cordillera and the Great Plains. 
The groveland lies principally within the western edge 
of the Blackfeet Indian Reservation, but extends on 
south slopes of narrow mountain valleys into the east- 
ern edge of adjacent Glacier National Park (Fig. 2). 

PURPOSE OF STUDY 

The purpose of the study reported in this paper 
was threefold: 1, to provide quantitative ecologic 
information on the structure and composition of 
plant communities; 2, to determine the role of en- 
vironmental factors in the maintenance of the grove- 
grassland mosaic, and 3, to investigate the autecology 
of the two trees, aspen, Populus tremuloides and 
black cottonwood, P. trichocarpa v. hastata. 
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photographs from which was made the vegetation map 
of the groveland. 
TOPOGRAPHY 

Ground moraines left by piedmont glaciers of the 
Wisconsin Stage of the Pleistocene Epoch and the 
groveland of Glacier County are to a considerable 
degree coextensive (Figs. 1 and 2). According to 
Alden (1932), the St. Mary Glacier of Wisconsin 
time was fed by tributaries from the valleys in which 
lie Divide, Red Eagle, Swiftcurrent, Boulder and 
Kennedy Creeks and extended down the St. Mary 
Valley for a distance of 36 mi. (58 km.). The thick- 
ness of the Wisconsin ice is. evidenced by the small 
lateral moraines on the west slope of St. Mary Ridge 
1200 ft. (366 m.) above the level of Lower St. Mary 
Lake. The higher and southern end of the Ridge is 
covered by pre-Wisconsin drift. The Ridge forms 
the eastern boundary of that part of the groveland 
southwest of Duck Lake. The lateral moraine left 
by the Glacier marks the eastern margin of the grove- 
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Fig. 1. 


land in the St. Mary Valley and extends northeast- 
ward from the Ridge passing around the eastern end 
of Duck Lake, northwest past Goose Lake and then 
northeast again to the terminal moraines of the Kee- 
watin Ice Sheet. 

After the St. Mary Glacier had receded up the 
Valley past the lower end of St. Mary Lake, outwash 
fans consisting of large cobbles formed at the mouths 
of Kennedy, Swifteurrent, Wild and Divide Creeks. 
The Swifteurrent fan impounds Lower St. Mary Lake, 
and the fans from Divide and Wild Creeks form a 
dam at the lower end of St. Mary Lake. The bottom 
of the Valley north of the lower lake is filled with 
coarse material similar to that in the outwash fans. 


Three borings made by the U. S. Bureau of Reclama- 


tion a little north of the lower lake encountered 
gravel, boulders and clay to depths from 105 to 
185 ft. (32-56 m.) and did not reach bedrock. Only 


a thin mantle of soil covers the outwash fans and the 
coarse material of the Valley bottom, and this sup- 
ports grassland. 

South of Hudson Bay Divide, aspen groveland 
covers Wisconsin drift in the valley of Cut Bank 
Creek to a short distance west of the Park boundary. 
South of Two Medicine Valley, the groveland passes 
into a mixture of communities dominated by aspen, 


conifers and herbaceous species. These occupy mo- 


raines left by the Two Medicine Glacier, which was 
fed by glaciers originating in the Two Medicine Val- 
ley, Marias Pass and in the valleys south to Heart 
Butte. 





Wisconsin Moraines and Babb Soils in the (¢ 














1 :583,000, 


Seale: 


iroveland of Glacier County. 


The aspen groves occupy troughs and depressions 
in the ground moraine complex on the lower slopes 
of the valleys mentioned and similar habitats at the 
head of the Milk River drainage system (Figs. 3, 4 
& 5). The giacial till in the moraines was derived 
mainly from argillites and limestones from the 
mountains. The bedrock under the area studied ap- 
pears to be Cretaceous sandstone. 


RELATION TO CANADIAN GROVELAND 

The aspen groveland of Glacier County is a south- 
western extension of the groveland bounding the 
grassland of the Great Plains and extending north 
and east across Alberta and southeasterly across Sas- 
katchewan into southwestern Manitoba and adjacent 
Minnesota. The maps of both Bird (1930) and Moss 
(1932) place the southwestern terminus of the grove- 
land at about the Oldman River in southern Alberta. 
However, a more recent paper (Moss 1944) indicates 
that the groveland.is more or less continuous to the 
international border thus connecting with the area 
described here, which appears to represent the true 
terminus of the groveland. 

Populus tremuloides is the dominant tree. 
ated with it south of the parallel are P. trichocarpa v. 
hastata and P. angustifolia. The latter species is re- 
stricted to stony soil at the edges of streams and rivers 
and is not a component of aspen groves. Moss (1944) 
states that P. tacamahacca accompanies aspen, though 
not frequently, in the southeast part of Waterton 
Lakes Park and in adjoining areas. No individuals of 
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Mary Lake. 





Fic. 5. Cross Section of a Ground Moraine. 
this species were found by the writer in the groveland 
south of the parallel. Moss reports P. trichocarpa 
and its variety common from the Park north to the 
Oldman River. Toward the cast in Alberta, they are 
replaced by P. angustifolia. Evidence of ecologic 
divergence is found in the bottom of the St. Mary 
Valley about a mile (1.6 km) northeast of Babb 
where trees of the latter species occupy gravels, 
whereas P. trichocarpa v. hastata is restricted general- 
ly to loams along streams and around the edges of 
ponds. Of the three Populus species in the arez 
studied, P. tremuloides is by far the most adundant 
and has the widest ecologic amplitude, ranging from 
the margin of the conifer forest where it usually 
forms large stands with P. trichocarpa v. hastata out 
to the margin of continuous grassland where it is the 
only tree species and occurs in small, isolated groves. 

Conifers associated with the groveland are of rela- 
tively minor importance except along its western 
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border and on Hudson Bay Divide where the grove- 
land meets the conifer forest and Picea 
engelmamii, Pseudotsuga taxifolia Britt. and Pinus 
contorta vy. latifolia S. Wats. are seattered through 
aspen stands and adjacent grassland. Deep ravines, 
such as those north of the Duck Lake road and south- 
west of the Lake, appear colder and more moist than 
the adjacent moraines and are dominated by P. engel- 
mami and P, taxifolia. A fourth conifer, Pinus flexi- 
lis occasionally is encountered on the east side of the 
lower part of the St. Mary Valley. 

Moss (1932) divides the “Poplar Association” of 
Alberta into the “Poplar Area” in the north and the 
“Parkland” or “Grove Belt” adjacent to the Great 
Plains. The use of parkland by writers reported in 
this paper is synonymous with groveland as used 


montane 


here. According to him, the aspen groves in the 
drier southern part of the province seem to be climax. 
Bird (1930) believes aspen groves around Birtle, 


Manitoba are seral to the spruce forest north of them 
and says this probably is the successional position of 
aspen over the greater part of the parkland. He also 
remarks that aspen is invading the grassland all along 
the southern edge of the parkland. Moss (1944) be- 
lieves that present climatic conditions in central Al- 
berta favor the invasion of grassland by aspen. His 
observation that conditions in the southern part of 
the province are not so favorable for invasion is in 
agreement with the findings in Glacier County. 


METHODS 

Field work was begun in the summer of 1949 and 
was concluded early in the fall of 1951. Most of the 
time spent in the groveland during the first summer 
was devoted to reconnaissance activities. On the hasis 
of the information gathered, stands judged to be 
representative of the vegetation were selected for 
further study. 

In the summer of 1950, transects were run across 
contours through stands selected the previous vear. 
(Figs. 6 to 9.) The purpose of these transects was 
to obtain vegetation profiles that would be helpful 
in defining the plant communities, and in addition 
would provide information on the autecology of aspen 
and black cottonwood. When the starting point for 
a transect had been selected, a cord was stretched per- 
pendicular to the slope, and plots 2 x 5 dm were 
marked off lengthwise along the cord at 2 m in- 
tervals in the grassland transects and at 3 m intervals 
in the groves. Each species occurring in a plot was 
recorded. When identification could not be made in 
the field, a collection was made for later determina- 
tion. Five stages in the annual cycle of the plants 
were regarded as usful in provid'ng information on 
their separate roles in the communities, and these were 
assigned symbols to be used in recording presence in 
The symbols and stages they represent are: 
season ; 


plots. 
L, leaves only, prior to or during flowering 


P, flowering; F. fruiting; D, disseminating seed, and 


X, seed disseminated or plant withered. In the case 
of eryptogams, F, D and X refer to spores. To de- 


whether the individuals of a species were 


termine 
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1955 


7/22/50 


SE4SWLSeclT32NR13W, Mont. 


Date: 
Location: 
Topography: ground moraine 
Plot Symbols 
L: Not in flower 
P; Flowering 


F: Fruiting 


D: Disseminating seed 


Xs Seed disseminated or 


plant withered 


Achillea millefolium 
var. lanulosa 
Artemisia ludoviciana 
var. ludoviciana 
Agropyron pseudorepens 
Danthonia parryi 
Cerastium arvense 
Festuca ovina 
Galium boreale 
Geranium viscocissimun 
Rosa acicularis 
Stipa columbiana 
Smilacina stellata 
Viola 
Antennaria rosea 
Arnica sororia 
Draba nemorosa 
Koeleria cristata 
Potentilla dichroa 


x spicatum 
Aster campestris 
Potentilla pennsylvanica 
Artemisia frigida 
Solidago missouriensis 
Arenaria congesta var. expansa 
Selaginella densa 
Antennaria umbrenilla 
Carex obtusata 
Phlox hoodii 
Chrypsosis villosa 
Musineon divaricatum var. 
hookeri 
Silene acaulis var. exscapa 
Solidago glutinosa var. nana 
Stipa comata 
Anemone patens 
Allium nuttallii 
Senecio canus 
Erigeron caespitosum 
Orthocarpus lutens 
Geum triflorum var. 
Erigeron glabellus 
ssp. pubescens 
Gaillardia aristata 
Agropyron repens 
Pentstemon confertus 
rotentilla fruiticosa 


ciliatum 


Species per plot: 


Total species: 43 
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Date: 8/13/50; 11 - 20 8/27/50 


Location: 1/4 mi. NW of bridge at lower 
end of St. Mary L. 


Topography: ground moraine 


Age: 30 33 31 31 40 38 38 60 & 1 38 29 18 32 
Height: wu 20 - 25 13 6 
DBH: 257 300 eS 305 be? Toh Soh 1.9 1.0 


Tree Symbols RRR C 


O P. tremuloides 
C: Saperda calcerata damage 


I: Fomes igniarius sporophores present 


R: Rodent damage 
T: Dead branches in crown 
Plot Symbols 


Not in flower 
P: Flowering 


Fs Fruiting 








Disseminating seed 
33% SSE —» 


Xz Seed disseminated or plant withered 


VITALITY PLC 
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Rosa acicularis 
chillea millefolium 
var. lanulosa 
Phleum pratense 
Campanula rotundifolia 
Vicia americana 
Geranium viscosissinun 
Galium boreale 
Solidago missouriensis 
Agropyron subsecundum 
Fragaria virginiana 

var. glauca 
Stipa columbiana 
Smilacina stellata 
Cerastium arvense 
Aster laevis var. geyeri 
Lomatium triternatum 
Erigeron subtrinervis 

ssp. conspicuus 
Carex obtusata 
Agropyron spicatum 
Arenaria congesta var. expansa 
Amelanchier alnifolia 
Poa pratensis 
Calamagrostis rubescens 
Aster conspicuus 
Berberis repens 
Lathyrus ochroleucus 
Symphoricarpos albus 
Castilleja miniata 
Prunus virginiana 

var. melanocarpa 
Epilobium angustifolium 
Pentstemon confertus 
Lupinus sericeus 
Potentilla arguta 
Sisyrinchium angustifolium 
Agropyron dasystachyum 

x spicatum 
Koeleria cristata 
Festuca ovina 
Anemone multifida 

var. hudsoniana 
Avens hookeri 
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Species per plot: 1461441258 @ 7410410 6 64 5 8 6121013 


Total species: 38 





Fig. 7. Aspen Grove on a Well-drained Slope. 














October, 





1955 EcoLoGy OF THE ASPEN GROVELAND IN GLACIER COUNTY, 


Date: 7/29/50 


Location: SWLNELSec29T37NRILW, Mont. 


Topography: inter-morainal trough 


Age: 
Height: 


DEH: 


Tree Symbols 


Zniow 


Wind damage 
Plot Symbols 
Not in flower 


Flowering 
Fruiting 


SoM yr 


Aster laevis var. geyeri 
Aster conspicuus 
Amelanchier alnifolia 
Aeropyron subsecundum 
Carex siccata 
Hierochloe odorate 
Lathyrus ochroleucus 
Rosa acicularis 
Viola 
Symphoricarpos occidentalis 
Vicia americana 
Aster foliaceus 

ver. parryi 
Castilleja miniata 
Geranium richardsonii 
Galium boreale 
Thalictrum occidentale 
Achillea millefolium 

var. lanulosa 
Bronus carinatus 
Melica subulata 
Epilobium angustifolium 
Fragaria virginiana 

var, glauca 
Gerenium viscicissimum 
Arenaria lateriflora 
Symphoricarpos albus 
Smilacina stellata 
Elymus glaucus 
Heracleum lanatum 
Pedicularis bracteosa 
Carex raynoldsii 
Viola canadensis 
Osmorhiza occidentalis 
Erythronium grandiflorum 
Ribes inerme 
Calamagrostis neglecta 
Nentha arvensis 
Lomatium dissectum 

var. multifidum 
Carex 
Arctostaphylos urva-ursi 
Anemone multifida 

var. hudsoniana 
Agoseris glauca 

var. dasycephala 
Allium cernuun 


Species per plot: 


Total species: 41 


Disseminatiny seed 
Seed disseminated or 
plant wilting 


Tree decayed at base 
Insect defoliation 
Dead branches in crown 
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BroTHER DANIEL Lyncu, C.8S.C 


Date: 8/6/50 
Location: SH, Secl.T3SNRLLW, Sont. 


Topography: inter-morainal trough 


Age: 17 31 26 17 2 25 
Height: l4 22 29 16 24 
DBH: 2.2 be? 2.7 
4.9 1.3 43 
Tree Symbols D cD Sa 


P, trichocarpa var. hastate 
P, tremuloides 


Trunk rotten at base 
Saperda calcerata damage 
Insect defoliation 
Possible snow damage 
Dead branches in crown 


errr? OY 


Plot Symbols 


Not in flower 

Flowering 

Fruiting 

Disseninating seed 

Seed disseminated or 
plant wilting 





xomMue 


VITALITY 


Symphoricarpos occidentalis P t 
Festuca ovina D D 
Erigeron subtrinervis 

ssp. conspicuus 
Amelanchier alnifolia 
Erigeron caespitosus 
Oxytropis campestris 

var. gracilis 
Solidago missouriensis 
Cerastium arvense 
Selaginella densa 
Artenisia dracunulus 
Orthocarpus tennuifolius 
Stips columbiana 
Carex obtusata 
Agropyron subsecunaum 
Vicia americana 
Gali m borvale 
Berberis repens 
Taraxacum officinale 
Collomia linearis 
Polygonum douglasii 
Potentilla arguta 

ssp. convallaria 
Danthonia parryi 
Alopecurus al>inus F 
Achillea millefolium 

var. lanulosa 
Pos ampla 
Prunus virginiana 

var. melanocarpa 
Bromus carinatus 
Pentstemon confertus 
ilymus glaucus 
Hackelia diffusa 
Thalictrum occidentale 
Aster foliaceus 

var. parryi 
Osmorhiza occidentalis 
Phleum pratense 
Viola canadensis 
Geranium richardsonii 
Arnica sororia 
Urtica lyallii 
Geum macrophyllum 
heracleum lanstum 
Galiun triflorum 
Equisetum arvense 
Melica smithii 
Streptopus amplexifolius 
Actaea rubra 
>enecio pseudaureus 
Carex siccata 
Smilacina stellata 
Lathyrus ochroleucus 
Rubus parviflorus 
Aster conspicuus 
Fragaria virginiana 

var. glauca 
Monarda menthaefolia 
Symphoricarpos albus 
Agoseris glauca 

var, dasycephala 
Geranium viscocissimua F 
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erowing under favorable conditions, a cheek was made 
on plants of the same species in the general vicinity. 
If a species were in flower in the area around a grove, 
but not in any of the plots inside it, a P was entered 
in the cheek column marked vitality in Figures 6 to 
9 and an L in those columns representing the plots 
in which it was present. 

The tree nearest each plot was sampled by record- 
ing species, age, height, diameter at breast height, 
kinds of disease and damage and general condition. 
If there was no tree within 10 ft (3 m) of a plot, the 
space for that plot was left blank. 
ments were taken with an Abney level, and age was 


Height measure- 


obtained from increment cores taken at the ground 
line. If the heartwood of a tree was rotten at the 
base, the core was taken higher up on the trunk. No 
Beeause cores 


cores were taken above 5 ft (1.5 m). 
from trees rotten at the base have a mean age of 69 
years—enough to reduce the error from cores above 


the ground line to unimportance—and because of the 
variable growth rates on different sites, a correction 
factor was not used in deriving the age of trees from 
cores taken above the ground line. 

That the cores contain frost rings is quite likely 
in view of the minimum temperatures at the begin- 
nings and ends of the growing seasons. As a rule, 
a cluster of rings not wider than the average rings on 
either side was counted as one year’s growth. Mateh- 
ing such elusters with weather records produces in- 
conclusive results, because freezing temperatures oe- 
curred almost annually in every month but July, and 
the weather stations were located several miles from 
the trees in question. The ages given in this paper 
are, therefore, no more than approximations of the 
actual ages of the trees. 

In 1951 20 plots of the same size as those used in 
the transects were laid out 1 m apart along contours 
in two series of 10 each in 30 stands believed to be 
representative of the communities in the groveland. 
On the basis of field observations and the transects 
made in 1950, 6 major associations were recognized : 
2 of grassland, 1 in the sinuses in the margins of the 
groves, and 3 of the groves themselves. Sinuses in 
the margins of groves will be referred to in this paper 
Five stands of 
In selecting stands 


as aspen openings. ach association 
made up the 30 stands studied. 
for study, consideration was given to the problem 
of species with local abundance and restricted dis- 
tribution. Hence an imoprtant criterion for a suit- 
able stand was that it was reasonably remote from 
other stands selected to represent the same associa- 
One hundred plots, then, were studied for each 
recognized association, and the sampled area of any 
one association is the same as that of any other. 

Five trees representative of the stand, in the case 
of groves, were described in the same manner as in 
the transects. If the tree stand consisted of a mix- 
ture of aspen and black cottonwood, an effort was 
made to reflect the relative abundance of each in the 
number of trees sampled. 

The presence of a species in a plot was indicated by 
The sym- 


tion. 


a symbol denoting stage of development. 


ECOLOGY OF THE ASPEN GROVELAND IN GLACIER COUNTY, MONTANA 





329 


bology was the same as in the transects, and an addi- 
tional column was also ineluded to record vitality. 

In order that most species would be flowering or in 
some later stage, the plot studies were not begun until 
the end of July. In the methods were the 
same as those of the previous year, except that the 


short, 


series were laid out along contours, the direction of 
the longest dimension of most of the stands, and the 
plots were only 1 m apart. 

By the method employed, the number of plots of 
an association in which a species oceurs is its frequen- 
ey, and the number of stands in which it oceurs is its 
constaney. Likewise the number of plots of an as- 
sociation in whieh a species flowers becomes its vi- 
tality, and the number of stands in which it flowers 
its vitality constancy. Although the symbols distin- 
guish between plants which are flowering and those 
which are disseminating seed, the phase that is eco- 
logieally important, no separation is made in the 
tabulation of results, because most of the species had 
not reached the latter stage by the time the plots were 
It simply is presumed that a species that 
A species present 
in 27 plots in 3 stands has a frequeney of 27% and a 

If it flowered in 11 plots, but only 
has a vitality of 11% and a vitality 


studied. 
flowers will later disseminate seed. 


constaney of 3. 
in 1 stand, it 
constaney of 1. 

The importance of adding vitality to simple fre- 
quency is made clear when one realizes that many 
plant species, especially perennials, are capable of 
persisting for many years in a community in which 
some environmental 


flower because of 


Such plants are present in communities 


they cannot 
condition, 
because there is an occasional year favorable for seed 
production, or because seed is carried in from repro- 
ductive plants growing elsewhere, or because of vege- 
tative reproduction by rhizomes, stolons, ete. A meth- 
od of noting the degree of vitality becomes necessary, 
if one is to compare the responses of a species to the 
environmental factors of several communities. 

A species is less attuned to the environment of a 
community to the degree which it fails to set seed in 
that community, and more in harmony with the com- 
munity in which it sets seed mere frequently. In like 
manner, a species which is present in only a few 
stands of a community is less representative of it than 
one which is found in all stands. For these reasons, an 
index combining frequency, constancy, vitality and vi- 
tality constancy was used for every species that oe- 
curred in a plot and could be identified. To illustrate 
the weighting of these elements of the index, let us re- 
fer back to the figures used above to illustrate them 
separately. The hypothetical species has a frequency of 
27% and is present in the series of 3 out of 5 stands. 
Its constancy is only “5 of the theoretically possible 
Accordingly its frequeney index is %5 

This species has a vitality of 11% but 
Beeause it could not 


constaney. 

x 27 or 16.2. 
a vitality constaney of only 1. 
flower in those series in which it did not oceur, flower- 
ing was possible in only three series. Its vitality in- 
dex, then, is 13 x 11 or 3.2. The sum of these indices, 
19.4, is taken as the index of the species. Because it 
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to equal 100, the total index points possible to a 
Our hypothetical species accumulated 
19.4 points out of a possible 200. It will 
in Table 1 that blanks are entered under vitality for 
This is because they had not yet come 


species is 200, 
be noted 


some species. 
into flower. In these cases a plus sign after the index 
indieates the possibility of a higher number than 
given. 

An index of this type allows one to compare species 
differing widely in one or more of the combined statis- 


ties, for it represents all of them in one figure. Rosa 
acicularis in one of the grove associations has a fre- 


15%, a constaney of 5, a vitality of 0% 
Amelanchier alnifolia 


queney of 
and a vitality eonstaney of 0. 
in the same association has a frequency of 
constaney of 4, a vitality of 2% and a vitality con- 
staney of 1. The 
enough so that direet comparison is diffieult. 


52%, a 
these species differ 
That 
they are of almost equal importance on the basis of 


statisties of 


the criteria employed is revealed by their indices, 
15.0 for the former and 42.1 for the latter. 

Table 1 gives the indices of dominant species oc- 
curring in six associations. It contains, from left to 
right in aseending orders of moisture and shade, an 
index column for each association. A species appears 
in the table of the association in 
highest, and in that table is represented in the col- 
The posi- 


which its index is 
umns for associations in whieh it occurred. 
tion of species in a given table is in order of im- 
portanee on the basis of index in the association im 
which they have their highest index. The purpose of 
this arrangement is to compare the six associations 
on the basis of frequeney, vitality and constancy of 


component species, 


ASSOCIATIONS 
The information obtained from the transects and 
series leads the writer to believe that the communities 
studied are distinet enough and sufficiently represent- 
ative of the groveland to be classified as associations. 
Before taking them up individuatly, it is proper to de- 
fine and explain the term association as used in this 
paper. An association is a phytocoenosis (Dauben- 
mire 1952, p. 302) whieh is uniform in physiognomy, 
structure and composition from stand to stand. It 
possesses a certain internal unity and external dis- 
tinctness from other associations and involves a vege- 
tation type which expresses the natural functioning 
of the ecosystem of which it is a part. Naturally a 
number of phytocoenoses of large and small areal 
extent can be included in this definition. The large 
ones would possess less internal unity and greater ex- 
ternal distinctness than the small ones which might 
show marked unity but not be ecologically very dis- 
tinct from related phytocoenoses. An example of the 
former would be the reduction of the groveland to 
a grove association and a grassland association. A 
case of the latter would be found in classifying the 
aspen-shrub phytocoenosis into an aspen association, 
a service berry association and a snowberry associa- 
tion, because aspen has a life form different from that 


is possible for both the frequency and vitality indices 
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of the shrubs and generally either one or the other is 
the dominant in the understory. In the former ease, 
the use of association implies a uniformity which does 
not exist and details are obseured, and in the latter, 
the phytocoenosis should be regarded as an associa 
tion composed of unions of vaseular plants. 

Kach association is made up of unions, eaeh union 
heing composed of plants whieh oceur together in 
separate stands within and without the association. 
For instanee, a grove association might consist of a 
Kach 
of these unions might also be a component part of 
The 


union often are of the same form and size and com 


tree union, a shrub union and a low herb union. 


one or more other associations. members of a 
pete for moisture and nutrients in the same portion 
of the substrate. Unions, however, are not to be re 
as lavers, for a union might contain two or 
its distribution might 


trunk. An 
that 


garded 


more layers or be vertical, as 


moss on a. tree association, then, is a 


group of unions occur together in repeated 
stands. 

this 
would elevate to association status the several 
than 


area, 


A finer division of associations than made j 


paper 


unions recognized. This would result in more 


one association occupying the same surface 
Trees would be deseribed separate from shrubs, tall 
herbs separate from low herbs ete., all regarded as 
expressions of distinct vegetational types rooted in 
the same soil. From such a viewpoint one is prone 


to overlook the interaction among these types, i.e., 


the shading effect of trees and the reduction in 
temperature and in wind velocity under the tree 


canopy, modifications which effect to a considerable 
degree the types of subordinate vegetation. 
GRASSLAND ASSOCIATIONS 

At the time the grassland transeets were studied, 
the writer was unaware that he was working in over- 
grazed areas from which Festuca scabrella, the domi- 
nant grass on undisturbed sites, had been removed. 
References by Moss (1944) and Marfleet (1950) to 
relicts of a onee extensive F. scabrella erassland in 
Alberta 
stands in Glacier County. 


later led to a search for reliet 
Relicts 
typical ground moraine topography inside Glacier 
National Park in the St. Mary, Swifteurrent and Cut 
Bank Valleys and at wide intervals on the Blackfeet 
Indian The 
pauperate plants of F. scabrella throughout the erass- 


southwestern 


were found on 


Reservation. presence of scattered de- 
land, with culms of relatively vigorous plants con- 
fined to the protection afforded by shrubby 
foil, Potentilla fruticosa, lead to the conclusion that 
F. scabrella 
phytocoenosis in the groveland and has been removed 


cinque- 


once dominated the major grassland 
by grazing. 

Figure 6, a transect in a grazed area of the erass- 
land, reveals two communities, one characterized by 
and Cerastinm ar- 


rense on loamy soil on the slopes of the moraine and 


Achillea millefolinm vy. lanulosa 
the other by Phlox hoodii and Selaginella densa in 
Better evidence than that 
furnished by these species is found in the distribution 


stony soil at its summit. 








43 species taken as a whole. The 
general absence from plots 7 to 14 of species in the 
lefthand column down to Draba nemorosa indicates 
an environmental change and different community on 
the summit. Representing that community are those 
species from S. densa to Silene 
(All.) DC. The two communities also have different 
physiognomies. Plants in the summit community are 
seldom more than 2 dm tall and often under 1 dm 
(Fig. 10). 
mat, and P. hoodii and S. densa both have a tendency 
toward a mat-like growth. In contrast, vegetation on 


pattern of the 


acaulis Vv. exrscapa 


S. acaulis v. exscapa forms a cushion-like 


the slopes consists mainly of plants from about 2 dm 
up to + dm. 





¥ ; - ‘ Fd te 
Fic. 10. Koelerietum Phloxetosum. The stake in this 
subsequent figures is marked in decimeter units. 





and 


(in the basis of field observations and the evidence 
presented in this and two other transects, two major 
grassland associations characteristic of the groveland 
south of the international border were recognized, 
one of stony moraine summits and the other of slop- 
ing to level topography covered by a thin layer of 
The former comprises only a small part 
of the total grassland. Because it is the purpose of 
this paper to describe the natural communities of 
the groveland, further study of the second community 
was restricted to sands containing a relative abun- 
dance of Festuca scabrella. 


loamy soil. 


Koelerietum Phloxetosum 

Tabulation of indices results in 36 species in the 
moraine summit association, 20 of which are not listed 
outside it (Table 1). The remaining 16 are present 
also in the association of taller grasses and 4 of the 
16 occur also in the aspen openings. Extension into 
other habitats is expected, for communities merge in 
their ecotones. As a rule, species of high frequency 
have wider community distribution than those less 
frequent. A notable exception is Phlox hoodii with 
a frequency of 99% and restricted to moraine sum- 
mits. The degree of vegetational distinctness is shown 
by the index point totals for the 36 species in all the 
associations in which they were listed. <A total of 
1079.2 in the Koelerietum Phloxetesum as compared 
with 157.5 in the Festucetum Scabrella on loamy 
and 6.2 in the Asteretum Laeris in the aspen 


soil 
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openings clearly shows marked differences in vege- 
tation. The Koelerietum Phloxetosum (Fig. 10) is 
regarded as a naturally oceurring topo-edaphie cli- 
max on moraine summits. 

Associations are named after characteristic species 
called indicators, each union being recognized by at 
least one indicator. Koeleria cristata by reason of its 
index of 102.0 has the highest indicator value in the 
union of short grasses and erect forbs. The second 
union consists of mat-like forbs and the eryptogam, 
Selaginella densa, and is indicated by Phlox hoodii, 
which has an index of 154.0 and is restricted to this 
Of the two unions, the one of mat-like 
it is re- 


association. 

plants is the more limited in its habitat as 

stricted to moraine summits, outwash fans and the 

coarse gravels north of Lower St. Mary Lake. The 

union indicated by K. cristata extends beyond these 

habitats into the edges of the grassland of loamy soils. 
Festucetum Scabrella 

The second grassland association is dominated by 
Festuca scabrella, index 115.0, and ineludes as im- 
portant species F’. ovina with an index of 119.0 and 
Stipa columbiana, index 85.0. F. ovina, though with 
a higher index than F. scabrella, but of lower stature, 
is not a dominant (Table 1). The low vitality of 
both feseues in the Koelerietum Phloxetosum and in 
the Asteretum Laevis signifies species which rarely 
reproduce sexually in them under eurrent environ- 
mental conditions and are maintained by seed from 
an outside source. Aithough Carex obtusata Lilj. 
has an index of 101.0 in the Festucetum Scabrella, 
the drop in the Asteretum Laevis is so slight, 10.0 
points, that this species has no indicator value. Wor- 
thy of note is the failure of this sedge to flower in an 
association in which it has a frequeney of 91%. 
The explanation of its high frequency in the Astere- 
tum Laevis lies in the strongly rhizometous nature of 
its growth. 

Forty-four species have their highest index in the 
fescue grassland and accumulate in it 859.9 points. 
Twenty species were recorded in this association only, 
but all of these have low indices. Fourteen of the 
remainder were present also in the Koelerietum 
Piloxetosum where they accumulated 153.0 points, 
and 19 with a total of 274.1 were present in the plots 





Festucetum Scabrella. 
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in the Asteretum Laevis. The fescue grassland is 
regarded as the climatic climax in the groveland and 
is designated as the Festucetum Scabrella (Fig. 11). 

Variants of the Scabrella resulting 


from grazing by domestic stock are dominated by 


Festucetum 


species which are of minor importance on undisturbed 
sites. Stipa columbiana, important in this associa- 
tion and frequently a dominant under grazing, is a 
iotable exception. A variant characterized by VN. 


columbiana, S. richardsonii and S. comata covers a 
southeast slope on the north side of Spider Lake. 
Grassland on loamy soil in sections 29 and 32 of 
township 37 N., range 14 W., appears to consist pre- 
dominantly of 8S. 
S. comata on others. F. 
on the latter site but fails to set seed unless protected 


by Potentilla fruticosa. Flat land between moraines 


richardsonii on some sites and of 
scabrella is fairly abundant 


frequently is dominated by Danthonia intermedia. 
Apparently the same variant in southwestern Alberta 
prompted Moss (1944) to propose 2 Festuea-Dan- 
thonia association. Subsequent investigations caused 
him to revise his idea, for he and Campbell (1947) 
state: “The earlier proposal of a Festuca-Danthonia 
association, while descriptive of typical utilized prai- 
rie i southwestern Alberta, denote the 
virgin or climax grassland of that region.” Marfleet 
(1950) reports that D. intermedia replaces the fescues 
under grazing in the Crowsnest Forest region and 


does not 


also remarks that on the lower terraces of the Castle 
River D. intermedia, being less utilized than other 
grasses, appears more abundant under grazing than 
it actually is. 

The most greatly altered variant of the Festucetum 
Scabrella is dominated by Phleum pratense and is 
found throughout the groveland. 

Sheep grazing constitutes the principal agricultural 
utilization of the groveland. According to corre- 
spondence (1950) from Rex D. Kildow, Superin- 
tendent of the Blackfeet Indian Agency, the earry- 
ing capacity is 0.6 A per sheep per month. Heiden- 
reich (1946) describes aspen groves with this capacity 
as in fair grazing condition. As the rating made by 
the Agency also includes the grassland, the groves 
probavly provide better grazing than Kildow’s figure 
indicates. Although the grazing season normally 
extends from July 1 to September 30, no large move- 
ment of sheep into the groveland was seen until mid- 
August during the years 1949, 1950 and 1951. The 
grazing effect of sheep can be seen in the Cut Bank 
Valley west of U. S. Highway 89. The Festucetum 
Scabrella is poorly represented outside the Park 
boundary, but good examples can be found a short 
distance inside it. 

The Festucetum Scabrella 
species with the grasslands of southeastern Alberta, 
the Bitterroot Valley and southeastern Washington 
and adjacent Idaho. These grasslands are related to 
one another through similarity of aspect and posses- 
sion in common of certain species. 

A grassland dominated by F. with F. 
ovina and its variety, F’. idahoensis, which integrade 
completely, second in importance extends from Gla- 


shares a number of 


scabrella 
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cier County north to the Poreupine Hills. Beyond 
them to Edmonton F’. scabrella is the sole dominant. 
Moss & Campbell (1947) report that F. idahoensis 
becomes less frequent northward through the Poreu- 
pine Hills, and beyond them to Calgary and Car- 
stairs, 35 mi. (56 km.) north of Calgary, it becomes 
seattered to rare. 

Grassland in the Peace River region (Moss 1952) 
contains many species of the fescue grassland of 
central and southern Alberta, but lacks F. 
Coupland & Brayshaw (1953) state that the fescue 
grassland of central and southwestern Alberta extends 
eastward in the aspen grove region as far as Saska- 
toon and is found also in the Cypress Hills in the 


scabre lla. 


southwest corner of Saskatchewan. 

Westward in the southern interior of British Co- 
lumbia, Spilsbury & Tisdale (1944) Tisdale 
(1947) deseribe an association dominated by Agropy- 
ron spicatum and F. scabrella. The association with 
them of Koeleria cristata, Stipa Poa 
secunda and F. idahoensis and the presence of small 


and 


columbiana, 


stands of aspen in shallow depressions and on pro- 
tected slopes suggests a limited repetition of the 
vgroveland. Grazing results in the replacement of 
the Agropyron-Festuea 
dominated by S. columbiana and Poa pratensis. Se- 
vere grazing is followed by an associes dominated by 
It is interesting 


association by an associes 


P. secunda and Bromus tectorum. 
to note the disappearance of F. scabrella with graz- 
ing just as in the groveland, and that S. columbiana 
is one of the species that dominate the resulting com- 
munity. 

The Festucetum of southeastern Washington and 
adjacent Idaho (Daubenmire 1942) 
species with the Festucetum Scabrella ot 
County, but F. scabrella is absent in the former and 
F. ovina is replaced by a form of F. idahoensis much 
taller than the population called F. idahoensis (F. 
ovina of this paper) by some in Glacier County. 
Daubenmire and the writer used identical 
methods of taking frequency data, and the two as- 
sociations can be compared on the basis of this eri- 
terion. Each investigator used 2 x 5 dm. plots. 
Whereas the former used 100 plots in each of 2 stands, 
the latter used 20 in each of 5 stands. The stands 
studied by Daubenmire are in Whitman 
Washington, and the figures in Table 2 are the aver- 
ages of the percent frequencies in the two stands. 


shares several 


Glacier 


almost 


County, 


Daubenmire lists 37 species of vascular plants in his 
plots. The writer encountered 88, 43 of which show 
their highest frequency in the Festucetum Scabrella. 
Only 6 of these 43 were present in the Whitman 
County plots. Five species having their highest 
frequency in an association other than the Festucetum 
Scabrella were also present in the Whitman County 
plots. 

If one regards F. 
ington and F. ovina of Glacier County as equivalents, 


idahoensis of southeastern Wash- 


the two associations can be related through sharing 
this fescue population in great amounts. It is the 
dominant grass in southeastern Washington, having 


a frequency of 98.5%. In Glacier County it is a 
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TABLE 2. Percent frequency of species common to 
the fescue associations of Whitman County Washington 
and Glacier County Montana, 





Species Having Their Highest Frequency in the 
Festucetum Scabrella 


Whitman Glacier 


Species County County 
Agropyron spicatum 80.5 22 
Lupinus sericeus 53.5 61 
Lomatium triternatum 1.5 15 
Geum triflorum v. ciliatum. . 3.0 3 
Solidago m issourie nsis 1 .0 24 
Lithospermum ruderale 1.0 6 


Species Having Their Highest Frequency Outside 
the Festucetum Scabrella 


Achillea millefolium v. lanulosa. 36.0 59 
Symphoricarpos albus 33.5 4 
Galium boreale 10.0 31 
Koeleria cristata 3.0 12 
Geranium viscocissimum 3.0 20 


subordinate species, and its frequency is 84%. Since 
the majority of species of one association are present 
to only a minor extent if at all in the other, the re- 
lationship between these grasslands is mainly phy- 
siognomic. Both contain bunch grasses as dominants 
and an abundance of large forbs. Jaccard’s coefficient 
of community (1912) when caleulated on the basis 
of species present in both associations is 11/88 x 
37 = 4.67. Thus, there is only a small floristic re- 
lationship between these associations. The contrast- 
ing frequencies of most shared species strongly indi- 
cate quite different environments. 
Asteretum Laevis 


During the 
openings were regarded as a phase of the fescue 


reconnaissance, meadow-like aspen 
grassland, and no transects were run through them. 
In the following year it was decided to measure the 
amount of difference by studying 100 plots. The 
results point to a marked increase in the importance 
of forbs and a corresponding decrease in grasses. 
Forbs for 87.7% of the index points of 
species the highest index of which is in the openings, 
grasses and sedges for 9.4% and shrubs for 2.9%. 
Forhbs of the Festucetum Scabrella are represented by 
33.4% of 
sedges and rushes account for 66.1%, and mosses for 
0.4. In short, the percentage of forb points more 
than doubles from grassland to openings, whereas 
that of grasses and grass-like plants is reduced to less 
than 17. The same change is reflected in the index 
of F. scabrella, which drops from 115.0 in the grass- 
land to 37.0 in the openings, and of F. ovina, which 
changes from 119.0 to 12.0 in the same direction. The 
index of Aster geyeri, the highest in the 
openings, amounts to 87.0 in them as compared with 
5.8 in the grassland (Table 1). 

On the basis of distinctness shown by frequency, 


account 





the points in that association; grasses, 


laevis Vv. 





constaney, vitality and vitality constancy, the meadow- 
like vegetation of the aspen openings is recognized 
as an Partial enclosure by aspen and 
deeper and more moist soil than usually encountered 
in the Festucetum Scabrella appear to be the prinei- 
pal factors operative in determining the existence of 


association. 


this association. 

A union of erect herbs of medium height is present 
and is typical of it.- A 
check of species indices in Table 1 reveals that A. 
laevis v. geyeri with an index of 87.0 as opposed to 
5.8, 9.2 and 3.0 in other associations has the most in- 
dicator value. For this reason, the association is called 
the Asteretum Laevis. The index totals at the bottom 
of Table 1 shows the Asteretum to be closer eeoloei- 
cally to the Festucetum Scabrella than to any other 


throughout the association 


association. 


SuHrusp COMMUNITIES 


Well-drained soils not on moraine summits fre- 
quently support thickets of Eleagnus commutata 
Bernh. or Shepherdia canadensis (.) Nutt. which 


usually are ecologically unrelated to patches of Rosa 
acicularis, Amelanchier alnifolia and Symphoricarpos 
spp. found in shallow depressions and at the edges of 
Moss (1932) includes all these species in the 
ecotone between aspen and grassland. Kujala (1945) 
describes the position of #. argentea (FE. commutata) 
between and grassland in the 
Wainwright, Alberta. However, 
canadensis generally are not 


groves. 


as ecotonal groves 
neighborhood of 
and 8, 
part of the ecotone between groves and grassland 
in Glacier County. Apparently the ecology of F. 
commutata is much the same in both the eastern and 
western extremities of the for Ewing 
(1924) reports it on slightly xeric upper slopes in 
the “brush-prairie” region of northwestern Minnesota. 
Examples of Eleagnus thickets in Glacier County 
can be found north of the Many Glacier road 44 mi. 
southwest of Babb. 

The patches of 
Symphoricarpos spp. appear to originate from ro- 
dent activity. Bird (1930) states that in Manitoba, 
badgers and pocket gophers throw up mounds of soil 
on which Symphoricarpos racemosus Michx. becomes 
established, and that following it, Populus tremuloides 
invades. Moss (1932) deseribes a similar succession 
starting with rodent and badger burrows. Ewing 
(1924) claims that trees of the “brush-prairie” be- 
come established on knolls where animals have broken 
Pioneer shrubs on 


E. commutata 


eroveland, 


R. acicularis, A. alnifolia and 


up the sod and loosened the soil. 
the knolls are FE. argentea and Symphoricarpos oc- 
cidentalis.. According to Spilsbury & Tisdale (1944), 
Rosa spp. and S. racemosus form patehes on favorable 
sites in the grassland dominated by Agropyron spica- 
tum and F. scabrella in the southern interior of 
British Columbia. Daubenmire (1942) states that 
Symphoricarpos albus (L.) Blake in southeastern 
Washington and adjacent Idaho is favored by the 
thin covering of soil on the original soil surface 
around rodent excavations. 

Although groves with a shrub understory are com- 





























1955 


October, 


mon in Glacier County, the writer found no evidence 
that aspen is invading shrub patches on low habitats. 
Young aspen were not observed in any such patches. 
Seeds planted under shade giving plants on two ro- 
dent burrows failed to produce seedlings, whereas 23 
out of 50 seeds of the same lot germinated on moist 
filter paper in 7 
contain species common to the groves and are on low 
How- 


days. Beeause the shrub patches 
habitats, they appear suitable for aspen ecesis. 


ever, no evidenee of invasion was found. 


GROVE ASSOCIATIONS 

Populetum Symphoricarpetosum 
Aspen is the sole tree in Figure 7 and is the only 
The stand occupies a 
Shrubs play an 


Populus species in the stand. 
slope and not a shallow depression. 
important this stand. 
present in 9 out of 15 plots under trees. 


role in Rosa acicularis is 
Amelanchier 
Berberis repens is present 
in 11, and Symphoricarpos in 7. The repetition 
throughout this 
and of grove margins with a shrub understory gives 


alnifolia also appears in 9. 


the groveland of stands similar to 
evidence of an association dominated by aspen with 
Series of 20 
under 


an understory characterized by shrubs. 
stands studied as described 
methods. The data are summarized in Table 1. Nine- 
teen species have their highest index in the aspen- 
and 391.5 
Twelve of these 19 species were recorded in 
Their total points in it are 


plots in 5 were 


shrub association accumulate in it index 


points, 
the 


Asteretum Laevis, 


148.6. Eight of the 19 species receive 161.3 points 
in the next more mesic grove association. Shrub 


total index 
points of shrubs, forbs, grasses and mosses having 
Shrubs ac- 


the points, forbs for 27.5%, 


dominance is indicated by per cents of 
their highest index in this association. 
for 58.3% of 


grasses for 14.49 and mosses for 0.1%. 


count 


The extension of understory species into adjacent 
associations to the extent that their indices follow a 
distribution an argument 
against a separate vegetation type. However, shrub 


normal curve provides 
dominance in the understory, a feature of none of the 
other grove communities, and the absence of Populus 
trichocarpa Vv. hastata, an associate of aspen on moist 
habitats, are regarded as sufficient bases for recogniz- 
ing an aspen-shrub association. Symphoricarpos al- 
bus, index 95.6, is the only shrub of indicator value. 
Among the herbaceous species, none has a high enough 
index to be an indicator of the understory union. 
The association, then, is named the Populetum Sym- 
phoricarpetosum (Fig. 12). 

An understory of shrubs is by no means restricted 
to Glacier County. Moss (1932) reports that Rubus 
Michx., Rosa and spp- 
Eleaguus argentea, Juniperus horizontalis Moench. 


strigosus Symphoricar pos 
and Arctostaphylos urva-ursi are important species 
accompanying aspen on sandy soils in southern Al- 


berta. Kujala (1945) states that the rich shrub 


thicket of the aspen-grassland ecotone in the neighbor- 
hood of Wainwright extends into the groves. 
cording to 


Ac- 


correspondence (1952) from R. T. 
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the 


Symphoricar pos 


Saskatchewan, 


commutata, 


Coupland of the University of 


presence of Hleagnus 
occidentalis and Salix spp. around the edges of iso 
lated groves is characteristic of the groveland in the 
Saskatoon. Bird (1930) 


Populus-Symphoricarpos-lepus associes at the edges 


region of recognizes a 
of groves in Manitoba and adds that Symphoricarpos 
racemosus is the dominant species in the understory. 

The addition of eastern species and the use of 
“brush” instead of grove in referring to stands con- 
taining aspen (Ewing 1924) suggests that the grove- 
land of northwestern Minnesota differs considerably 
from that of the Montana. 
However, Ewing also mentions “park-like” vegeta 


Prairie Provinees and 
tion and extensive stands of aspen on flat topography. 
Species forming a thicket in the margins of stands 
containing aspen include Eleagnus argentea and Sym- 
phoricarpos occidentalis, 

Baker (1925) describes Symphoricarpos oreo phili- 
us, Pachistima myrsinites and Odostemon (Berhberis) 
repens as frequently fringing aspen stands in central 
Utah. It is doubtful that these stands 
resemblance to the Populetum Symphoricarpetosium 


hear much 
of Glacier County, but the occurrence again of a 
species of Symphoricarpos around the edges of aspen 
stands is noteworthy. It though the 
microclimatie and edaphic factors which are limiting 


appears as 


for aspen approach the optimum for the indigenous 
Sym phoricar pos species over a wide area. 
Populetum Asteretosum 
Figure 8 represents groves in inter-morainal troughs 
or depressions in which there are either permanent or 
habitats, 
herbaceous vegetation principally of forbs comprises 


temporary ponds or streams. In such 
the major part of the ground cover, and low shrubs 
are of minor importance. Individuals of Symphori- 
occidentalis, though frequently 


Salia 


carpos albus and S. 
encountered, are small and of little coverage. 
bebbiana is present as a tall shrub but is so thinly 
scattered that it too is of minor importance. 

The Populetum Asteretosum has the largest areal 
extent of the associations and often 
broad, gentle slopes. Because of the second feature, 
nature. P. 


grove eovers 


much of the association is ecotonal in 
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tremuloides predominates in the drier extensions, and 
P. trichocarpa vy. hastata overtops and outnumbers it 
on sites more moist than normal (Fig. 13). Criteria 
for the association are: an abundance of forbs, scarci- 
ty of species of neighboring associations, and the 
presence of both species of Populus. With but few 
exceptions on the part of P. trichocarpa vy. hastata, 
both species are present in stands regarded by the 
writer as belonging to this association. Sites from 
which this tree is absent appear to be little different 
from those on which it is present. Absence of this 
species from these stands is not positively explainable 
but it might be the result of loeal chance distribution 
of seed at the time the stands first developed. 





Fig. 13. 
letum 


Populetum Asteretosum Approaching Popu- 
Osmorhizetesum. 


The approximate average age of aspen members 
of the grove canopy in 5 stands representative of the 
Populetum <Asteretosum is 73.5 yr. This is a 
siderable increase over 46.8 yr., the average age of 

trees in the Populetum Symphori- 
The average age of black cottonwood 


¢on- 


corresponding 
car petosum., 
in the Populetum Asteretosum is 72.0 yr. 

Forbs account for 73.2% of the index points of 
species occurring in the plots studied in this associa- 
tion. Only 8.1% of the points is contributed by 
shrubs (Table 3). Species whose highest index is in 
this association accumulate in it 575.5 index points 
as opposed to 127.6 in the Populetum Symphori- 
carpetosum and 246.0 in the next more mesic associa- 
tion (Table 1). 

The species of most indicator value is Aster folia- 
ceus Vv. parryi with an index of 124.0. On the moist 
side the figure drops to 58.2, and on the dry side, 
which is the Populetum Symphoricarpetosum, to 0.2. 
Shrubs, short herbs and eryptogams are not repre- 
sented by more than a thin seattering of plants. Me- 
dium to tall herbs, predominantly forbs, characterize 
the understory union. 

References in the literature to a similar type of 
vegetation are not as numerous as for the Populetum 
Symphoricarpetosum. Moss (1944) mentions a taller 
herb stratum. Kujala (1945) uses the expression 
Lathyrus-Fragaria type to represent the vegetation 


in the groves at Wainwright. He describes this grove 
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community as rich in herbs and grasses and with a 
poor representation of shrubs and The 
species of Lathyrus and Fragaria are the same as in 
Glacier County, L. ochroleucus Hook. and F. virgini- 
ana v. glauca, where they are the only species recorded 
as having a relatively high index in both the Popu- 
letum Symphoricarpetosum and the Populetum As- 
teretosum (Table 1). 


mosses. 


Populetum Osmorhizetosum 

A second association is recognized in the groves of 
aspen and black cottonwood. It is restricted mainly 
to the bottoms of narrow mountain valleys formed by 
piedmont glaciers, to moist slopes near the mountains, 
and to the bottoms of inter-morainal depressions, 
This association, of small areal extent, is distinet in 
The 


species which set it apart are: Osmorhiza occidentalis, 


its physiognomy and specific in its habitat. 
Heracleum lanatum, and Viola canadensis. 

Study of 100 plots divided among 5 stands indi- 
sates that O. occidentalis, index 138.0 (Table 1) is a 
dominant among the tall herbs, and that V. canadensis 
is most abundant among the species of short stature. 
Twenty species have their highest index in this as- 
sociation and are represented by 413.6 points. Eleven 
are present also in the Populetum Asteretosum where 
their total index is 164.4. Points accumulated in other 
associations amount to 55.2. The importance of H. 
lanatum in the herb union is not apparent in Table 1, 
because coverage was not taken. The sampling meth- 
od used is not adaptable to the spreading form of 
this species with the result that its position in the 
table is below its actual position of importance in the 
suggest that H. 
in dominance in the herb 


union. Observations lanatum is 


second to O. occidentalis 
union. 

The average age of canopy members of P. tremu- 
78.4 than in the 


Asteretosum, P. trichocarpa v. 


loides is years, 4.9 years older 
Populetum and of 
hastata, 82.1 years, 10.1 years more than in the same 
association. The break in index point totals from 
the Populetum Osmorhizetosum to the other grove 
associations and the distinctiveness provided by 0. 
occidentalis, H. and V. 
recognizing this third 


lanatum canadensis are the 


bases for erove association 


(Fig. 14). 





Osmorhizetosum. 


Populetum 
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The three grove associations of Glacier County ap- 
pear to have their counterparts in southwestern AI- 
berta, for they can be matched with the four under- 
story layers indicated by Moss (1944) west of Pincher 
Creek and near Watertown. The scattered under- 
story trees and individuals of Salix bebbiana corre- 
spond to the: “smaller trees and larger shrubs, usual- 
lv a sparse or only locally prominent layer.” The 
shrub union of the Populetum Symphoricarpetosum 
appears to be the equivalent of the: “lower shrub 
laver, commonly well developed. ...” The tall herba- 
ceous unions of the remaining grove associations 
seem to be represented by: “taller herbs, almost a 
continuous stratum.” The fourth stratum consists of : 
“lower herbs, relatively a poorly developed layer,” 


“ 


and is present in Glacier County as the Viola layer 
of the Populetum Osmorhizetosum and the thinly 
scattered low herbs in Popluetum Asteretosum. 


FLORISTIC COMPARISON OF ASSOCIATIONS 


The vegetation on sites representative of the 6 as- 
sociations can be compared to advantage by grouping 
species into shrubs, forbs, grasses, ete., totaling the 
index points of each group by associations, and eal- 
culating the percent of association points contribu- 
ted by each group. In this approach, a species con- 
tributes points to every association in which it oceurs 
and is not regarded as characteristic of any one of 
them. For example, F. scabrella is represented by 
42.4 points in the Koelerietum Phloxetosum, 115.0 
in the Festucetum Scabrella and 37.0 in the Asteretum 


TABLE 3. Floristics of the associations in the aspen 
groveland of Glacier County Montana. 























| i] | jo | 
| | } | Vascular 
| | | Crypto- 
} grams 
| Shrubs | Forbs | Grasses | Sedges and Total 
| | | Mosses | 
Association Koelerietum Phloxetosum 
Number of species 1 | 42 | 9 5 1 | 58 
Index points 0.4 | 715.0 242.7 | 150.2 | 157.0 [1265.3 
Percent points 0.0 56.5 19.2 11.9 12.4 100.0 
Association | Festucetum Scabrella 
Number of species im 58 16 6 1 88 
Index points | 54.7 | 533.9 | 522.7 138.6 18.2 |1268.1 
Percent points 4.3 42.1 41.2 10.9 1.4 99.9 
Association Asteretum Laevis 
Number of species. . 8 46 23 5 | 0 82 
Index points | 92.7 | 757.7 | 221.5 | 120.4 0.0 |1192.3 
Percent points 7.8 63.5 18.6 10.1 0.0 100.0 
Association Populetum Symphoricarpetosum 
Number of species 7 | 30 8 1 : 4 47 
Index points 228.1 | 251.6 91.4 a ae 573.5 
Percent points | 39.8 43.9 15.9 0.2 0.2 | 100.0 
Association | Populetum Asteretosum 
Number of species |} 6 | 35 12 4 4 61 
Index points | 74.8 | 676.8 151.4 3.4 18.4 | 924.8 
Percent points 8.1 73.2 16.4 0.4 2.0 | 100.0 
a = i aera —— 
m Association | Populetum Osmorhizetosum 
Number of species....| 6 } 2 | 6 | 0 2 | 36 
Index points. . -| 18.2 | 540.1 93.4 0.0 15.7 | 667.4 
Percent points 2.7 | 80.9 14.0 0.0 2.4 100.0 
| 
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Laevis. 
the vegetation of the groveland. 


The purpose is to gain an over-all view of 
Table 3 summarizes 
the results from the 30 sites in the 6 associations. 

It is clear from the percentages that shrubs are 
important only in the Populetum Symphoricarpeto- 


sum. Their proportionately larger size and_ the 
sparseness of the herbs under them produce the low 
total index of 573.5 as compared with 924.8 and 
667.4 for understory unions dominated by herbs and 
1265.3, 1268.1 and 1192.3 for associations outside the 
groves. 

The importance of forbs throughout the associa- 


tions is quite evident. The forb index of the Koe- 


lerietum Phloxetosum is almost double that of the 
grasses and sedges combined. In the Festucetum 


Scabrella, the forb index slightly exceeds that of the 
grasses and is roughly 4 times that of the sedges. 
As the percentages show, forbs dominate the under- 
story of the Populetum Asteretosum and the Popule- 
tum Osmorhizetosum. 

With the exception of the Festucetum Scabrella, 
grasses and sedges are secondary to forbs in im- 
portance. this 
cepted, are slightly less in the groves than outside 
them. Sedges, with an average of 11.0% outside the 
groves, account for less than 1% of the points inside 
them. The sedge figures for the Festucetum Scabrel- 
la inelude a rush with an index of 4.0 and a pereent 
of 0.3. 

Selaginella densa accounts for the eryptogam points 
in the Aside from this 


species, vascular cryptogams and mosses are unim- 


Grass percentages, association ex- 


Koelerietum Phloxetosum. 
portant in the associations. 

The 6 associations can be grouped into grove and 
non-grove associations, or the Populus and Fescue 
Species whose highest index is in the 
Scabrella 


Alliances. 

Koelerietum Festucetum 
very rarely oceur in the groves. The total points of 
these species in the Feseue Alliance are 2529.9, and 
in the Populus Alliance 4.6 Shade 
believed to be the primary cause of the low index 
under the trees. Of high indicator value in the Fescue 
Alliance is Carex obtusata, which is restrieted to it 
and has indices of 54.6, 101.0 and 91.0 in the 3 
sociations (Table 1). Soil moisture appears to be 
the main limiting factor in the extension into the 


Phloxetosum or 


intolerance is 


as- 


Fescue Alliance of species characteristic of the 
groves. Their index in the Asteretum Laevis is 281.0 
in the drier Festucetum Scabrella 51.1, and in the 
Koelerietum Phloxetosum 3.3. Their index in the 


Populus Alliance is 2152.5, 

The aspen groveland is rich in forbs. There were 
115 forb species present in the series plots as com- 
pared with 11 shrubs, 30 grasses, 8 sedges and 1] 
rush. Vascular eryptogams were represented in the 
plots by 1 little clubmoss, 2 horsetails and 2 ferns. 
Mosses were represented by 10 species. Vouchers of 
all species collected, except the mosses, are in the 
herbarium of the State College of Washington. A 
complete set of moss specimens is in the herbarium 


of Dr. Henry 8S. Conard, Grinnell, Iowa. 








338 


GROWTH RATE OF TREES IN RELATION TO 
SUBORDINATE VEGETATION 


Age-height data point to the Populetum Osmorhize- 
tosum as the most suitable association in the grove- 
land for the growth of aspen. The average age of 
canopy trees sampled is 78 yr., whereas in the Popu- 
letum Asteretosum it is 74, and in the Populetwm 
Symphoricarpetosum, 47. Average heights in the 
same order as ages are 45 ft, 31 ft and 23 ft (13.7, 
9.4, 7.0 m). The decrease in age and height across 
the series reflects the decreasing favorableness of the 
environment for growth. 

The average age of canopy trees of black cotton- 
wood in the Populetum Osmorhizetosum is 82 yr., and 
in the Populetum Asteretosum, 72 yr. Average 
heights are 56 and 45 ft (17.1, 13.7 m) respectively. 
The difference of 11 ft (3.4 m) in the average heights 
of the two tree species of the Populetum Osmorhize- 
tosum expresses quantitatively the fact that the cano- 
py of the association is two-layered. Averages of 
31 and 35 ft (9.4, 10.7 m) in the Populetum Astere- 
tosum indicate a one-layered canopy. This equality 
of vigor can be ascribed to only the association as a 
whole. Considerable variation is found from stand 
to stand. 

The mean age of aspen in the Populetum Osmorhi- 
cetosum increases by 4 yr. over the mean in the Popu- 
letum Asteretosum, and the mean height increases by 
14 ft (43 m). Corresponding figures for black 
cottonwood are 10 yr. and 21 ft (64 m). Though 
both trees show a favorable response to the environ- 
ment of the more mesie association, immense indi- 
viduals of the latter on the west slope of the Liv- 
ingston Range in the Park and the report of Baker 
(1925) on aspen in central Utah show that both are 
growing under unfavorable conditions. 

5 site quality classes for aspen 
Both the 


Populetum Symphoricarpetosum and the Populetum 


Baker recognizes 
based on age and height of dominant trees. 


Asteretosum fall well down in site quality 5, which 
he describes as: “the unmerchantable-thicket type of 
aspen. The Populetum Osmorhizetosum is on 
the borderline between site qualities 4 and 5. Ae- 
cording to Baker, site quality 4 is: “found nearly 
everywhere in central Utah at the lower limits of 
. It usually bears a dense. pole stand which 
Diameter 
breast high averages of 7.7, 6.5 and 4.5 in. (19.6, 
16.5, 11.4 em) for aspen in the 3 grove associations 
in the order of decreasing site quality, and of 12.8 
and 9.2 in. (32.5, 23.4 em) for black cottonwood in 
the same order show that the groves of Glacier County 
contain practically no merchantable timber. 

Taking the average height of the dominant trees in 
50-year-old stands as the norm for site index, Moss 
(1932) found that site index in central Alberta varied 
from 50 to 60 ft (15.2 to 18.3 m) for most of the 
stands studied. This points to considerably more 
favorable conditions than in Glacier County. 


aspen .. 
rarely develops trees of saw-log. size.” 


Brotuer Danteu Lyncu, C.5.C. Vol. 23. 
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STABILITY OF THE GROVELAND 


The conclusion by Moss (1944) that the grove- 
grassland ecotone in southwestern Alberta appears to 
be stable applies equally well to the corresponding 
ecotone in Glacier County. An explanation of this 
stability in contrast to the reported expansion of 
aspen in central Alberta and along the southern edge 
of the groveland in the Prairie Provinces (Bird 1930, 
Moss 1944) is to be found in environmental factors 
which produce an equilibrium between groves and 
grassland. 

The inability of grassland species to invade the 
groves was mentioned in the summarization of plot 
results, and is believed to be in the main the result of 
shade intolerance. The inability of aspen to take over 
mesic habitats in aspen openings and in thickets is 
shown by the presence of root sprouts in only 18 of 
100 plots in the openings and by the absence of seed- 
lings from Symphoriearpos and Amelanchier thickets. 
Evidence of a tendency towards expansion by root 
sprouts was found on the north side of the Many 
Glacier road 1.1 mi. east of the lower end of Lake 
Sherburne. Numerous root sprouts form a fringe 
40 ft (12.2 m) or more wide for about 100 ft (30 
m) along the edge of a grove. Also, possible previous 
expansion followed by recession might be indicated by 
seattered depauperate trees 50 ft (15 m) or more 
from groves. A case of recent establishment of a 
grove is provided by a small group of aspen in the 
ditch of an abandoned road on the north side of 
U. S. Highway 89 5 mi. west of the junction of 
U. S. Highway 2 and U. 8S. Highway 89 at Browning. 
The stand is surrounded by grassland for hundreds 
of feet on all sides. No groves were observed for 0.5 
mi. (0.8 km) in any direction. The largest tree was 
21 years old in 1949 and had a d.b.h. of 3.2 in. (8.1 
em). At that time, Rosa acicularis was the only 
shrub under the trees. 

PopuLus REPRODUCTION 

One of the factors contributing to a stable ecotone 
is the poor seed crop of P. tremuloides. Both Popu- 
lus species are dioecious. Therefore, it is reasonable 
to expect that about half the population in any given 
In addition, both 
species propagate by root sprouts. Therefore, one 
should expect to find an equal number of pistillate 
and staminate clones. 

At 11 localities 47 stands in the St. Mary and 
Swifteurrent Valleys were examined closely with 8 x 
30 binoculars during the period from June 18 to 27, 
1950. The following year the study was extended 
southward into the two Medicine Valley, and the 
number of localities and stands was approximately 
3 times greater. Data were collected from June 16 
to July 8. The results of the 1950 study show that 
catkin-bearing aspen were found in only 3 out of 39 
stands containing this tree and that the total number 
of fruiting trees was 8. Black cottonwood, on the 
other hand, produced pistillate catkins in 11 out of 
23 stands. The 1951 season was even less favorable 


region will bear pistillate catkins. 
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for the production of aspen seed, for only 3 out of 
96 stands contained trees with pistillate catkins. 
Black cottonwood also produced few seed, only 6 
groups of fruiting trees being found in 47 stands. 
poor seed crops probably are cli- 
matic. Until one can determine which of the non- 
fruiting trees are pistillate and can make microeli- 
matic measurements, it is not possible to determine 
which factors are limiting and the levels at which they 
are limiting. One factor common to catkin-bearing 
aspen is that they were members of stands in poor 
condition either as the result of cutting, browsing, 
snow damage or exposure at the upper altitudinal 
limit of aspen in the area studied. A similar report 
of negligible seed production is made by Baker 
(1925) for central Utah. According to him, pistillate 
trees are rare and practically no seed is produced. 
Betts (1945) states that aspen reproduction in west- 
ern North America is almost entirely by root sprouts. 
Viability tests were made to determine the percent 
of the few seeds formed that could, under favorable 
conditions, produce new trees. Fifty aspen seeds of 
the 1950 crop kept dry indoors at room temperature 
for 8 weeks showed 46% germination after one week 
One hundred seeds of black 


Causes of such 


on moist filter paper. 
cottonwood showed 93% germination within one week 
after 5 week’s storage under the same conditions as 
those of aspen. Vigorous seedlings were produced in 
all cases. Prolonged viability of Populus seed under 
storage conditions is well documented in the litera- 
ture. Faust (1936) reports 91% and 76% germina- 
tion of P. grandidentata Michx. seeds after 2 and 3 


years’ storage at 5°C. Moss (1938) states that P. 
balsamifera L. showed 90% vigorous germination 


after storage for 16 weeks at —5°C. Aceording to 
him, the optimum relative humidity for storage is 
10%. The Woody Plant Seed Manual (U.S. Dept. 
Agr. 1948) states that seed of P. tremuloides gave 
97% germination after storage in sealed containers 
at 5°C for one year. 

Under natural conditions, high relative humidity, 
frequent rains, and moist substrate effect an early 
germination of seeds or a rapid loss of vitality. 
According to Weigle & Frothingham (1911), seeds 
of P. tremuloides normally are not viable in nature 
for more than 3 weeks. 

The inability of aspen to produce root sprouts in 
significant numbers beyond present grove margins is 
the second factor operative in the stability of the 
groveland. This is evident from field observations 
and frequency counts mentioned earlier. The cause 
is found in a number of environmental factors acting 
together to produce an environment beyond the ecolog- 
ie amplitude of this species. Although it is not possi- 
ble to name all the environmental factors involved, 
and the importance of each, an attempt is made to 
evaluate the more important ones. These are classi- 
fied into 3 groups: biotic, climatic, and edaphie. 

Biotic FACTORS 
The biotie factors contributing to the stabilization 


elk, Cervus canadensis, domestic 


of ecotones 


are 
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sheep, rodents, insects, and fungi. The observed ef- 
fects of elk are restricted to the St. Mary Valley in- 
side the Park. The groveland is the winter range of 
this animal, and it tends to browse heavily in the 
upper part of the Valley. All severe elk damage 
recorded was in the Populetum Symphoricarpetosum. 
The inability of aspen to grow beyond the root 
sprout stage in the aspen openings suggests that 
sheep, which graze annually in the groveland, are 
preventing the development of trees in these areas. 
Reporting on the grazing effects of sheep in central 
Utah, Sampson (1919) and Baker (1925) state that 
annual grazing completely suppresses aspen develop- 
ment. It is doubtful that any one grove in Glacier 
County is grazed each year, but it is possible that 
grazing is frequent enough to prevent successful in- 
vasion of the openings. The small number of sprouts 
in the Populetum Symphoricarpetosum, the associa- 
tion adjacent to the grassland, appears to be not so 
much the result of grazing as of a deficieney of soil 
water, which is discussed under edaphie factors. 
Poreupine, Erethizon epixanthum, and snowshoe 
rabbit, Lepus americanus, weaken a considerable num- 
ber of trees in grove margins by gnawing the soft 
bark. Again the most serious damage was found in 
the St. Mary Valley inside the Park. All damage 
recorded was in the Populetum Symphoricarpetosum, 
Galleries formed by wood boring Saperda larvae 
weaken structurally, making them 
break in the wind, and form avenues for fungus in- 
fection. Identification of the Saperda species in- 
volved is not possible, because no adults were found. 
However, descriptions of larvae and their galleries 
Hofer 
caleerata mine be- 


trees prone to 


in Populus species point to S. calcerata. 
(1920) states that the larvae of S. 
tween the bark and wood for 90 to 100 days 
work inward through the sapwood and heartwood in 


which they mine galleries 6 to 14 in. (15.2-35.6 em) 


and then 


long. According to him, large trees are generally 
attacked near the limbs and small ones from the 
base up. Trees in Glacier County show the latter 
pattern of infestation. The presence of larvae is 


easily recognized by the brown stain on the trunk 
below the hole from which frass is expelled. 
Infestation in Glacier County is restricted almost 
entirely to the Populetum Symphoricarpetosum and 
frequently involves a large percentage of the trees in 
a stand. Some trees are riddled by 8 or more gal- 
leries. The distribution pattern is in agreement with 
the report of Christensen, et al. (1951) and of Hofer. 
The former state that a 1947 of Minnesota 
showed 70% or more borer damage on poor sites as 
opposed to less than 1% on good sites. Hofer re- 
marks that, on Pike’s Peak, eggs frequently are laid 
on trees previously injured. He refers to such heavily 
infested trees as brood trees. Bird (1930) recognizes 
a Populus-Saperda consociation at Birtle, Manitoba. 
His description of the infestation in that area is eclose- 
lv similar to conditions in the Populetum Symphori- 


survey 


car petosum. 
“The infestation of this beetle is local, and one ean 
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go for considerable distances throuch the woods with- 
out seeing signs of its presence. It attacks trees that 
have begun their senescence, or are weakend by some 
other agent, and causes their early death. . . . In some 
localities the infestation may be as high as 50%.” 

He also states that larvae eventually attack prac- 
tically every tree, but it is doubtful that this state- 
ment can be applied to Glacier County. It is obvious, 
however, that concentrations of larvae in particular 
groves bring about a more rapid destruction of trees 
than would obtain if the same number of larvae were 
distributed throughout the groveland. 

A second beetle of ecologic importance is Phyto- 
decta americana, the larvae of which defoliate trees 
to the extent that the first set of leaves on some is 
destroyed. Four of the 39 aspen stands sampled in 
1950 for pistillate catkins showed a heavy infestation, 
and 14 of the 96 sampled in 1951 showed some de- 
foliation. Seven of the 14 were heavily infested. Like 
S. calcerata, P. americana infests trees on poorer 
sites. Black cottonwood was encountered in none of 
the stands showing defoliation, indicating that such 
damage was restricted to the Populetum Symphori- 
carpetosum or to the drier phases of the Populetum 
Asteretosum. 

Wood rotting fungi, the chief of which appears to 
be Fomes igniarius (L.) Gill., cause extensive damage. 
Determination of the amount of heart rot caused by 
this species is difficult, because sporophores form on 
only a small fraction of the trees infected. Sporo- 
phores are rare on 35-year-old aspen in Alberta, but 
are not uncommon on trees of 50 years (Moss 1932). 
According to Bird (1930), F. igniarius is extremely 
abundant in southwestern Manitoba and causes the 
premature death of many trees. No sporophores 
were found by the writer on black cottonwood, al- 
though a number of trees had decayed heartwood. 

Schmitz & Jackson (1927) report that it is ex- 
ceptional for aspen in Minnesota not to have dis- 
colored heartwood. The same is true in Glacier Coun- 
ty. Increment cores from 158 trees were grouped 
into 3 stages of decay based on the criteria of these 
authors. The stages are as follows: 

1. Incipient: wood faintly colored from light pink 

to straw brown. 

2. Intermediate: straw brown to chocolate brown, 

but wood still hard and firm. 

3. Final: wood soft and punky regardless of color. 
Only one of the 158 cores did not show discoloration. 
Incipient deeay showed in 8.2%, intermediate in 
76.6%, and 14.6% in final. The figure for stage 3 
decay is lower than the true percent, because trees 
which looked badly decayed were avoided in reconnais- 
sance and series sampling. There is no significant 
difference between the ages during which stages 1 
and 2 appear. Final decay, on the whole, does not 
set in until a number of years after intermediate. 

A symptom of heart rot in young trees (Baker 
1925) is an unusual number of branch stubs on the 
trunk below the crown. By this eriterion, 50% of 
the aspen sampled are affected. Christensen et al. 
(1951) seem to imply that persistent branch stubs 
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are not necessarily an indication of decay but an ave- 
nue of infection. They state that branch stubs be- 
come more numerous as the stand ages and the lower 
branches are shaded out. According to them, F. 
igniarius invades chiefly through branch stubs. Mei- 
necke (1929) working in the Manti National Forest, 
Utah, found that about one third of F. igniarius 
infections entered through knots, roots and small 
wounds, one third through fire sears and roughly the 
same fraction through bruises and cankers. Since no 
fire scars were found on any trees and cankers are 
rare, it appears that the main avenues of infection 
are branch stubs, Saperda galleries and bark wounds 
caused by rodents. 

Two kinds of canker are present in the groves. 
Neither is of ecologic importance because of its scarce- 
ness. Nectria cankers were found in a stand west of 
the lower end of St. Mary Lake, and an unidentified 
type was found east of the island in Lower St. Mary 
Lake. 

FIRE 

Fire is often an important factor in aspen ecesis 
in the coniferous forests of western North America, 
for aspen frequently invades burned-over areas and 
persists on them as long as fires occur at close enough 
intervals to prevent conifer dominance. Pearson 
(1914) deseribes aspen as a fire climax in the moun- 
tains of Arizona and New Mexico, and Moss (1932) 
attributes to frequent fires the scarcity of spruce in 
aspen stands in the northern and western parts of 
the poplar zone of Alberta. A second effect of fire is 
the production of even-aged stands (Kittredge 1938). 
A local effect in central Alberta is the prevention of 
grassland invasion by aspen (Moss 1932). 

Fire at present is unimportant in the groveland of 
Glacier County. No fires were seen, and no burn sears 
were found on any trees. Evidence of past fires is the 
presence of charcoal in soil profiles. The absence of 
burn sears on trunks and the unevenness of tree ages 
within stands as shown in Figures 7 to 9 indicate that 
aspen in Glacier County is not a fire climax. 

Curmatic Factors 

The groveland lies close enough to the crest of the 
Lewis Range to receive part of the orographie pre- 
cipitation. Heaviest precipitation occurs in June 
with a second peak in September. Mean annual 
precipitation at Camp 9, 6.5 mi. north-northeast of 
Babb, is 19.40 in. for the period 1914 to 1951 (U. 5. 
Dept. Commerce 1951). Mean annual precipitation 
at Browning, about 8 mi. east of the southern end of 
the groveland, is 5.25 in. less than at Camp 9. Be- 
cause the topography near Browning appears as 
suitable for aspen as that supporting groves it is be- 
lieved that precipitation is the main environmental 
factor determining the eastern limit of the grove- 
land. 

The most important climatic factors affecting trees 
at the edges of groves and in small, isolated groves 
appear to be wind and the desiccation accompanying 
it. Winter desiccation kills back growth of the previ- 
ous season and apparently is responsible for produc- 
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ing a convex canopy for the grove as a whole. The 
effect of desiccation is seen in the age-height relation- 
ships within groves as shown in Figure 7, and in the 
yanges of ages and heights of dominant trees in the 
frequency series. The mean age-range of dominant 
trees by groves in the Populetum Symphoricarpe- 
tosum is 16 yr. with a standard deviation of 10.1, 
whereas the height range is only 4 ft. with a standard 
deviation of 0.2. In the Populetum Asteretosum, the 
age range of aspen is 7 yr. with a standard deviation 
of 5.6, and the range in height 3 yr. with a standard 
deviation of 2.5. Mean age range and standard devia- 
tion of aspen by stands in the Populetum Osmorhize- 
tosum are 13 yr. and 14.4 respectively. The mean 
height range is 5 ft. and its standard deviation 5.3. 
It appears, then, that wind and desiccation effect a 
rather uniform canopy despite variation in age, and 
that this effect is the most pronounced in the Popu- 
letum Symphoricarpetosum, the association adjacent 
to the grassland. 

Kujala (1945), deseribing the groves near Wain- 
wright, Alberta, observes the same effect : 

“However, one can observe that where the canopy 
of a grove raises itself from the hollow above the level 
of the plain it forms only an entirely flattened top. 
Therefore, the trees at the edge of the slope are 
especially shorter than in the middle and on the slope. 
Great importance is due to the wind in the develop- 
ment of these profiles.” (Transl.) 

Moss (1944) remarks that groves on the more ex- 
posed positions in southwestern Alberta have trun- 
cated tops and states that the tendency of root sprouts 
to invade the prairie is counteracted mainly by desic- 
cating winds. Winds around the edges of groves on 
exposed sites in Glacier County probably impede to 
some extent the production of sprouts. 

EpAPHIC FAcTORS 

The groveland of Glacier County is restricted main- 
ly to Babb loams and stony loams which form a thin 
mantle over the glacial till (Gieseker 1933 and Figs. 
1 & 5). Examination of 36 profiles showed only a 
gradual change in color and texture with depth. The 
soils belong to hue 10 YR in Munsell’s classification 
and range from black, very dark gray and very dark 
brown in the first decimeter to light gray, grayish 
brown and brown in the fourth. They are predomi- 
nantly loams with occasional sandy loams and silt 
The Babb series of Glacier County is in- 
cluded in the “black soil zone” north of the forty- 


loams. 


ninth parallel. This zone is reported as having an 
annual precipitation of 17 to 19 in. and a parkland 
vegetation (Odynsky 1945). Moss (1932) notes that 
the black soils of Alberta bear only a slight resem- 
blance to wooded soils and suggests that the soils in 
the groves might have developed under grass. 


The stoniness of moraine summits (Fig. 10) and 
the deeper soil in depressions suggest past erosion of 
fine particles from upper slopes. 
shows no relationship between texture and position 
on slope, indicating that the fine material of both up- 


Mechanieal analysis 
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per slopes and depressions is of the same origin and 
has undergone the same amount of weathering. 
Examination at each site at which plots 
were studied and laboratory determination of soil 
properties of samples from one site in each associa- 
tion except the Koelerietum Phloxetosum reveal no 
association specificity with regard to color, texture, 


of soils 


moisture equivalent, permanent wilting percentage 
or pH. The extreme stoniness of the Koelerietum 
Phloxetosum, which in places approaches a fell field 
in aspect, consistently distinguishes this association 
Degree of stoniness in the 
Sea- 


from any of the others. 
other associations lessens from the Festucetwm 
brella to the Populetum Osmorhizetosum, but excep- 
tions are frequent enough to permit only a_ broad 
generalization. Stones were absent to 5 dm at one 
place in the Festucetum Scabrella and stoniness pre- 
vented the sinking of a soil auger more than 2 dm 
alongside one of the series of plots in the Populetum 
A similar lack of relationship be- 
tween profile character and types of aspen communi- 
ties was found by Kittredge (1938) in Minnesota, 
for he states that no single feature of the soil profile 
has indicator value regarding aspen productivity. 
Profile analyses were made in decimeter units, be- 
cause no horizon development could be observed. 


Osmorhizetosum. 


Except for percentage of particle size above 2 mm, 
determinations were made in duplicate. Mechanical 
modification of 
the Bouyoucos hydrometer method (Bouyoucos 1930, 
American Society for Testing Materials 1944), and 
moisture equivalents were determined by the Briggs 
& McLane (1907) centrifuge method. Permanent 
wilting of sunflowers plus wheat was used as the in- 
dex of the permanent wilting percentage of the soil 
samples. Field moisture data (Fig. 15) are for the 
year 1950. 

Kight soil profiles along the slopes traversed by 
the transects of Figs. 9 & 15 provide an insight into 
changes in edaphie factors on north and south slopes 


analyses were made according to a 


inside and outside a grove containing both aspen and 
black cottonwood. The figures represent a habitat 
gradient from well-drained upper slopes of ground 
moraines to poorly drained soil in the bottom of the 
inter-morainal trough. Figure 9 ineludes phases of 
the 3 grove associations. The Populetum Symphori- 
carpetosum is represented in plots 2 to 4, the Popu- 
letum Asteretosum in plots 5 to 7 and 15 to 18, and 
the Populetum Osmorhizetosum in plots 8 to 14. The 
figures give a profile of one of the few groves on the 
east side of the St. Mary Valley that contain a ma- 
ture stand of black cottonwood (Fig. 13), and the 
north believed to be one of the main 
factors accounting for its presence. Each soil pro- 
file is designated by its distance from the top of the 
slope. Thus 5 m represents the soil 5 meters from the 
top of the south slope. The profile designations for 
the 8 columns in Fig. 15 reading from left to right 
are: 5 m, 10 m, 19 m, 24 m, 27 m, 23 m, 14 m, and 
é/m. 


exposure is 


The edaphic factor of most ecologic significance 
along the transect is the amount of growth water in 





















% 
* 
60 ft. 
268 s— —_— 5 368 
Depth 
dm Per Cent Smller Than 2mm 
1 43.3 69.7 81.7 91.1 90.8 88.5 82.2 85.3 
2 4502 68.9 83.0 94.8 91.0 84.0 7.8 76.3 
3 41.5 64.2 80.0 99.3 88.0 89.2 77-3 77k 
4 52.8 76.0 78.0 96.0 92.2 86.8 57.7 70.5 
5 79.0 95.0 94.6 91.1 
Texture 
i loan loam loam loam Sandy sandy sandy 
loam loan loam loam 
2 loam loam loam loam sandy loam sandy loam 
loam loam 
3 loam loam loam loam loam sandy sandy sandy 
loam loam loam 
4 loam loam loam loam loam sandy sandy sandy 
loam loar loam 
5 loam loam loam sandy 
loam 
pH 
2 6.2 509 6.1 6.6 6.6 6.4 6.1 6.1 
2 6.2 5.9 6.0 6.9 6.5 6.2 5.9 5-9 
3 6.6 5.9 6.3 7.0 6.4 6.1 6.0 5.9 
4 6.9 6.0 6.6 702 6.5 6.0 6.2 5.9 
5 6.8 742 6.7 6.0 
Moisture Equivalent 
i 32.0 27.1 37 36.8 33.2 37.8 23.9 25.3 
2 24.3 23.04, 28.7 2465 23.9 19.4 4.9 18.5 
3 19.9 18.4 23.2 21.1 19.7 15.4 13.5 14.1 
4 19.2 18.7 23.1 21.1 17.8 4 13.0 12.2 
5 23.2 20.4 17.2 13.6 
Permanent Wilting Percentage 
i 16.8 15.2 21.5 23.8 19.7 20.3 14.2 14.1 
2 4-1 12.6 18.0 ig.2 ul 10.5 8.6 10.9 
3 11.9 10.8 13.8 12.9 11.2 8.0 8.2 8.3 
4 11.1 11.2 4.0 12.3 9.4 71 6.7 
u.1 12.2 9.5 6.8 
Field Moisture 
Date 
7/9 7/30 «868/20 9/5 V9 7/30 «8/205 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 





Symbols: 
GRE Above moisture equivalent 


(XXX) Permanent wilting percentage 
to moisture equivalent 


Ea Below permanent wilting percentage 
Fig. 15. Soil on North and South Slopes. 

the soil. It is to be noted that the first 4 dm of soil 
outside the grove were exhausted of water for plant 
growth by mid-August, 1950. During the preceding 
12 month period, the precipitation «** Camp 9, in the 
groveland 11 mi. (17.7 km) north northeast of the 
grove, was only 1.1% below normal. Because this 
deviation from the mean is so small, it is believed that 
exhaustion of water available for plant growth in 
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the first 4 decimeters outside the grove is closely 
indicative of normal conditions. 

According to Baker (1925), the main root zone of 
aspen does not go below 2 ft., and adventitious shoots 
are produced when roots rise close to the soil surface. 
Roots which function in sprout production usually lie 
at depths less than 1 ft. He regards stoniness as 
the main edaphic factor restricting the spread of 
trees. The slight increase in fine particles on the 
north slope from within the grove margin to the grass- 
land shows that stoniness is not the edaphic factor 
stabilizing the grove margins on this slope. The gen- 
eral increase of stoniness toward the tops of slopes 
decreases the volume of water available to plants thus 
bringing on the exhaustion of soil moisture to the 
permanent wilting percentage. It is believed, then, 
that the exhaustion of water available for plant 
growth is a critical factor in the stabilization of 
grove boundaries at their present positions. 


SUMMARY AND CONCLUSIONS 


The aspen groveland in Glacier County, Montana, 
consists of a mosaic of groves and grassland in a 
narrow zone along the eastern edge of the Rocky 
Mountains. This zone is a southweshern extremity 
of the aspen groveland which extends north and east 
across Alberta then southeasterly across Saskatche- 
wan into southwestern Manitoba and adjacent Minne- 
sota. In Montana it is to a considerable degree co- 
extensive with ground moraines and terminal, reces- 
sional and lateral moraines of the Wisconsin and is 
for the most part restricted to Babb loams and stony 
loams. 

Groves of P. tremuloides and P. trichocarpa v. 
hastata fill intermorainal depressions, whereas upper 
slopes and moraine summits are covered by grass- 
land. Toward the eastern edge of the groveland, 
groves are isolated in seattered depressions and lack 
P. trichocarpa v. hastata. Near the mountains, groves 
are not isolated but are connected through draws 
and over gentle slopes, and both Populus species are 
present. 

Community sampling consisted first of studying 2 
by 5 dm. plots on transects across contours through 
representative vegetation. Presence and stage in the 
phenologic cycle were recorded for each shrub and 
herbaceous plant encountered in a plot. Age, height, 
and diameter breast high plus general condition were 
recorded for the tree nearest each plot that lay in a 
grove. Six major phytocoenoses were indicated by the 
data provided by the transects and a general recon- 
naissance. 

Twenty plots were laid along contours at 1 m. 
intervals in 5 stands in each phytocoenosis, and data 
were taken as in the transects. Frequeney, vitality 
and constancy were determined for each species in 
the plots, and an index of the relative importance of 
each species was caleulated by compounding these 
statistics. A comparison was made of species indices 
in the 6 phytocoenoses. 

The distinctness of indices of each phytocoenosis 
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and the differences in grove structure based on the 
presence or absence of P. trichocarpa vy. hastata and 
on the age and height of canopy trees of both Populus 
species warrent the recognition of 6 associations, 2 
in grassland, 1 in aspen openings and 3 in groves. 
The associations are named for the species of highest 
index in the chief unions and are: the Koelerietum 
Phloxetosum and Festucetum Scabrella in the grass- 
land, the Asteretum Laevis in the aspen openings, 
and the Populetum Symphoricarpetosum, Populetum 
Asteretosum and Populetum Osmorhizetosum in the 
groves. 

The grove-grassland ecotone is stable. Stability 
is the result of the inability of aspen to produce 
seed in sufficient abundance to establish groves 
in what appear to be suitable depressions con- 
taining species common to the understories of the 
groves, and of its inability to invade the grassland 
The poor seed crops probably are 


by root sprouts. 
The inability of 


the result of unfavorable weather. 
aspen to invade the fescue grassland by root sprouts 
appears to result mainly from the exhaustion of soil 
moisture available for plant growth in the grove- 
grassland ecotone. Grazing by domestic sheep ap- 
pears to be preventing the development of aspen in 
the aspen openings. Rodents, insects and fungi con- 
tribute only secondarily to the stabilization of the 
groveland by bringing on the early decline of trees 
in grove margins. Fire is not a factor in the main- 
tenance of present grove boundaries. 

The vegetation of the groveland is in a stable con- 
dition in which the Festucetum Scabrella is the cli- 
matie climax, and the other associations, with the pos- 
sible exception of the Asteretum, are topo-edaphic 
climaxes. The latter may be a biotic climax. 
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INTRODUCTION 


This study was conducted by the Biology Section of 
the 1948 Alaska Insect Project. This projeet was 
conducted under a transfer of funds from the De- 
partment of the Army to the Bureau of Entomology 
and Plant Quarantine. The aim to learn 
much as possible concerning the bionomics, taxonomy, 
and distribution of Alaskan black flies in the 7 month 
period from April to November. Following the sug- 
gestions of the members of the 1947 Project, weekly 
made at study 
Anchorage and Fairbanks, and monthly observations 
were made from the latter part of May through 
August at locations on the streams along the main 
highways of Alaska. In reality the area studied 
represents a very small portion of Alaska, as indicated 
on the accompanying maps (Fig. 1). 

Sixteen major study locations, called biology sta- 


Was as 


observations were locations near 


tions, were established on 15 streams near Anchorage. 
At several study locations substations were erected 
nearby, where supplementary observations were made. 
Only the locations of the main stations are shown on 
the map. At 11 of these stations observations were 
begun the latter-half of April, but the first five south- 
sast of Anchorage on Campbell Road (stations 281, 
276, 277, 278, and 279) were not established until the 


1 Formerly with the Department of Entomology, Army Medi- 


cal Service Graduate School. Army Medical Center. Present 
Address: U.S.P.H.S. Box 960 Anchorage, Alaska. 
2 Deceased June 17, 1952. 
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last week of May. Weekly observations were con- 


tinued until the end of October at all but three sta- 
tions (133, 271, and 279) where visits were discon- 
tinued during the latter half of October. 

Twelve biology stations were established near Fair- 
banks and their locations shown on the map. 
Since the season is shorter at Fairbanks, these sta- 
tions were established later and, unfortunately, some- 
what more irregularly because of high water during 
the spring thaw. One was established the first week 
of May, five the second week, three the third, two the 
last, and one the first week of June. Visits were made 
at about weekly intervals until the middle of Septem- 
her. 


are 


The biology stations at both Anchorage and Fair- 
banks resolved into three categories—upland, semi- 
In to 
these designations have been used whenever similari- 


upland, and lowland. order conserve space 
ties and differences in the composition and develop- 
It is 
recognized that each station differs from every other 
Much of 


this more detailed information is given on the ae- 


ment of the black fly populations are discussed. 
physically, biologically, and phenologieally. 


companying plates and in the tables. 

The station examinations were spread over several 
days during each week. To fit these observations into 
weekly intervals, as indicated on Figs. 2 to 7, 5 weeks 
were assigned to May and August. The first 
of June is represented by observations made between 


week 
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Map of Alaska’s highways to which these studies were confined, followed by enlargements showing 
details of the highways and location of the Anchorage and Fairbanks biology stations. 

















October, 


the seventh and ninth, and the first week of Septem- 
ber by observations between the sixth and ninth. 

Immature forms of black flies were taken from ap- 
proximately 260 of the locations on streams along the 
main highways. Unfortunately, not all the highways 
were visited each month, as is indicated in Table 1. 
One can see that collections were made infrequently ; 
so absence of distribution records along a particular 
highway may not mean true absence of breeding in 
that area. 


TABLE 1, Dates of highway collections. 





May June July August | September 


Location 


Alcan Highway - - 14-15 
Chitina Road - _ 10 27 ~ 
Circle Hot Springs Road = = 


Elliott Highway : — - 9, 16, 30-31 — - 


Glenn Highway 24-26 - 25 22-23 8 
Nabesna Road 27-28 - 10-13 28-29 - 
Northway Road - - 14 31 - 
Richardson Highway 29 = 9-16, 23-30 26 7 
Slana-Toh Road. 27 - 13 29-30 - 
Steese Highway ~ 24-25 17-18 - 3-4 
Willow Road aa - 31 l = 


The distribution information resulting from these 
collections of larvae and pupae follows the discussion 
of the bionomics of each species. The association 
chart (Fig. 8) was compiled from information ob- 
tained at both the biology and highway stations. 

The authors express their appreciation of the fine 
cooperation received from the Office of the Surgeon 
General, and Office of the Quartermaster General, 
Engineer Corps, Department of the Army; Bureau of 
Medicine and Surgery, Department of the Navy; and 
the Alaska Command. The Alaska Command pro- 
vided all facilities, supplies, equipment, and person- 
nel that were requested. The Arctic Aero-Medical 
Laboratory provided space and facilities for that 
phase of the work conducted at Fairbanks. Without 
the assistance given by these groups, this study could 
not have been completed successfully. 

In addition, the authors are deeply indebted to 
the various members of the Biology, Control, and 
Climatology Sections of the Alaska Insect Project for 
collecting specimens and making observations often 
under grueling circumstances. They are particularly 
indebted to L. H. Dover and E. P. Marks for as- 
sistance with the rearing and laboratory routine, much 
of which was in addition to their regular duties; to 
Father Ernest LePage for the vegetation studies at 
the various stations; to Siegfried Lienk for the de- 


velopment of the emergence traps; to Alan Stone for 
the identification of all pupae and reared adults; and 
to W. V. King for suggestions regarding this paper. 
Many thanks are due Lt. Col. Robert Burrows and 
Lt. Col. Robert Traub for making possible the com- 
pletion of this study after the field project was termi- 
nated. 
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AND METHODS 


MATERIALS 
FIELD 

Upon the first visit to a station it was assigned a 
number and the following information was recorded: 
location; type of watershed; stream width, depth, 
temperature, and turbidity; type of sub- 
stratum; and presence or absence of shade and trail- 
ing vegetation. An estimate was made of the density 
of the black fly population and also of the percentage 
of larvae and pupae per selected square foot of sub- 
stratum. 
these factors were recorded. 


speed, 


During subsequent visits any changes in 


Stream speed was measured in feet per second by 
Pitot tube 
mounted in a groove on the edge of a strip of wood. 
Since this instrument could 
less than 5 or 6 in. deep, in these a small piece of 


means of a graduated J-shaped glass 


not be used in streams 
paper was floated and timed. 

For the determination of pH, Eastman’s Universal 
Indicator was used with a Gramercy color chart modi- 
fied to read pH 7.5 instead of 8.0 and the next color 
to read 8.0 to 8.5; 0.5 ml of the indicator was used to 
10 ml of the sample tested. pH readings were taken 
at the Fairbanks stations only during June. At 
Anchorage readings were taken at weekly intervals 
from mid-May until mid-July, with one additional 
observation in mid-August. 

Estimations of the density of black fly populations 
and percentage of larvae and pupae were based on 
These 
figures examining the preferred 
habitats and counting the larvae and pupae present in 
several sample square inches if the population was 


the number present per selected square foot. 


were obtained by 


dense, or square feet if the population was sparse. 
Then the approximate average per square foot was 
This is admittedly a crude method, but it 
did indicate population density trends, and that was 
the ultimate information desired. 


recorded. 


Larvae and pupae were removed from their places 
of attachment by means of forceps and preserved, 
usually in procaine tubes containing 75 to 80% 
ethyl alcohol, although occasionally methyl alcohol 
had to be used. At each visit a sample of larvae of 
all sizes was collected. 
to determine the species of pupae with the naked eye, 
often a definite effort was made to collect and pre- 


Since it was usually possible 


serve pupae of the less common species; so the pupal 
collections do not represent a random sampling. 

At the biology stations pupae were collected for 
rearing by carefully removing them with foreeps and 
placing them on towel paper cut to fit Petri dishes and 
with water from the stream. 
beled, one dish being used per station, and taken to 
the laboratory, where the pupae could be quickly 
examined for injury under the low power of a stereo- 
The dark, intact pupae 
then placed in individual shell vials on moist towel 
paper; the vials were plugged lightly with cotton and 
kept in racks placed on a slant to allow more ambula- 
tory space for the adults and minimize their chances 


wetted They were la- 


scopic microscope. were 
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of falling and becoming trapped in the condensed 
moisture before the wings had hardened. They were 
kept at cool room temperature, and usually emergence 
was completed within a week. After one day allowed 
for hardening, the adults and associated pupal cases 
and exuviae were preserved in alcohol. 

At the highway stations pupae for rearing were 
placed on a strip of moist paper in individual small 
screw-cap vials, each of which contained a number. 
The numbers used at each station were recorded in 
the field notes. The vials were examined daily, and 
when the adults had emerged, alcohol was poured in 
and the specimens were left until further treatment 
at the laboratory. 

The adult emergence traps, although about 2 x 2 x 2 
ft.. varied in size, but they were all constructed on 
the same principle. Each trap, a bottomless wooden 
box with two opposite sides extended about 4 in. on 
the bottom, was intended to be light-tight except for 
a hole eut near the top on one side. Into this hole 
at a slight angle, tilting down, was nailed the threaded 
metal rim of a serew-cap pint jar. The trap, weighted 
with a heavy stone, was placed so that the extended 
sides were parallel with the stream’s course. Small 
stones were placed along and directly under the ex- 
tended sides, making the box firm and also making 
it possible for the water to enter in quantity only 
at the upstream side and leave at the downstream 
side. Although the stream levels fluetuated, the en- 
trance and exit were always below the water line. 
Just enough 70% aleohol was poured into the jar so 
that it did not flow out, since the jar was almost hori- 
and it in turn was serewed into 





zontal when in place 
the rim. 

It is thought that the emerging adults were at- 
tracted by the light to the jar and subsequently 
drowned in the aleohol. The catch removed 
daily at Fairbanks and on alternate days at Anchor- 
age. It is quite probable that the emerging popula- 
tion developing a few inches above the trap was car- 
ried into the box and likewise that developing within, 
close to the exit, was carried out, but we were mainly 
interested in the species composition of the popula- 
tion, not the density. 


was 


LABORATORY 

Larval identifications were made in the following 
manner. Pupae were reared and the emerged adults 
identified. Then by studying the pupal exuviae of the 
reared specimens and comparing the filaments with 
the pupal filaments on mature larvae, it was possible 
to associate mature larvae with pupae. When reared 
material was not available and preserved pupae could 
be identified, the larval-pupal association was made 
in the same manner. Sometimes larval exuviae found 
in the pupal cases further substantiated the associa- 
tion. Then by comparing the mature larvae with 
progressively smaller ones previously taken at the 
same location, it was possible to determine the species 
composition of the weekly larval-population samples. 
After characters had been established to distinguish 
the various species of larvae taken at the biology sta- 
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tions, the highway collections were sorted and identi- 
fied. 

Two papers (Stone 1952; Sommerman 1953) based 
on these collections, have been published. The one 
on identification of the larvae is supplementary to the 
other, which included keys to and descriptions of 
males, females, and pupae as well as the species dis- 
tribution, based on pupae and adults. 

The population samples were sorted and identified, 
and the collection date, approximate number of 
larvae, their growth range, and the number of pupae 
were recorded for each species. It was desirable to 
distinguish some larval-developmental stages, since the 
various instars could not be determined easily. The 
eategories established: small, 
first instars or with no evident histoblasts 
(first instars have an egg burster on the head); 
medium, with small histoblasts visible only with the 
microscope; maturing, with small to well-developed 
white histoblasts visible to the naked eye; and mature, 
with well-developed dark histoblasts. 

After the data for each sample had been recorded, 
the larvae and pupae of each species were transferred 
to individual procaine tubes accompanied by tempo- 
rary loeality-identification labels. When time per- 
mitted, the reared adults were removed from alcohol, 
placed in Cellosolve for about 10 minutes, then pinned 
on horizontal minutens. The pupal eases containing 
the exuviae were glued to a point placed below the 
adult on the same pin. Field-collected adults were 
likewise kept in aleohol to be transferred to Cello- 
solve before pinning. Table 2 summarizes the quanti- 
ty of each species taken at each biology station and 
gives the total for the highway stations. 

Larval-population densities per selected square foot 
were determined for each species in the following 
manner: Since the total number of larvae per species 
had been recorded for each sample, the percent repre- 
sented by each species was easily determined. The 
total larval-population density was obtained by sub- 
tracting the caleulated pupal-population density 
from the estimated total-population density as_ re- 
corded in the field notes. Then the total larval-popu- 
lation density was multiplied by the species larval 
pereent. Although this procedure was very crude, 
species-population trends showed up rather well. In 
Figs. 2 to 7 only the maximum larval population per 
unit is given for each species. This furnishes a 
general idea of the relative abundance of the various 
species at each station when at their peaks. 

Station elevation was determined from topographic 
maps. In order to compute the percent of watershed 
above and below the critical elevation, the limits of 
the entire watershed were traced from a topographic 
map as well as the line of critical elevation. Then a 


following four were 


larger, 


square-mile grid was placed beneath the watershed 
tracing and the total area calculated as well as the 
percent above and below the critical elevation. It 
must be remembered that this method gives base area, 
not surface area, and that the higher the elevation and 
the more rugged the country the greater is the surface 
However, this factor tends to further substanti- 


area, 
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ate rather than to detract from the 
station categories. 


system of proposed 


BIOLOGY STATIONS 

BLACK FLIES PRESENT 
Of the 38 species of black flies known from Alaska, 
28 were taken from the biology stations. As indicated 
in Table 3, 9 species were taken from Anchorage sta- 
tions only, 8 from both Anchorage and Fairbanks, 
and 11 from Fairbanks stations only. It should not 


be inferred that absence of a species from the study 
stations indicates absence from the area, because that 
is probably not true in any ease. 

The following 7 species were taken from the high- 
way stations only: Prosimulium spp. X and #, Simu- 
lium hunteri Mall., malyschevi D., R., & V., nigricoxum 
& M., and furculatum Shewell. 
D. & S., Cnephia mutata 
(Mall.), and Simuliwm meridionale Riley are known 
to oecur in Alaska but were not taken by members of 
the 1948 Alaska Insect Project. 


Stone, rugglesi N. 


Prosimulium dicum 
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TABLE 3. Species of black flies taken at the Biology 
Stations. 
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Anchorage and 


Anchorage Fairbanks Fairbanks 


Prosimulium Gymnopais 
fulrum (Coq.) 
onychodactylum D. & S. 
pleurale Mail. 
travisi Stone 

Cnephia 
saileri Stone 


| Prosimulium 
alpestre D., R., & V. 
hartipes (Fries) 
Simulium (Simulium) 
decorum Walk. 


dichopticus Stone 

holopticus Stone 
Prosimulium 

decemarticulatum (Twinn) 
tuberosum (Lund.) ursinum (Edw.) 
tenustum Say Cnephia 


Simulium (Necsimulium) | Simulium (Eusimulium) emergens Stone 
vittatum Zett. 


Simulium (Simulium) 


eremites Shewell 
minus (D. & §.) 


sommermanie Stone 


aureum Fries 
bicornis D., R., & V. 
arcticum Mall. latipes (Meigen) 
corbis Twinn 
Simulium (Eusimulium) 
pugetense (D. & S. 


Simulium (Simulium) 


rubtzovi Smart 
Simulium (Eusimulium) 
baffinense Twinn 


gouldingi Stone 


STATION DESCRIPTIONS 

The location and outstanding physical characteris- 
tics of the various stations and substations are given, 
accompanied by a brief description of the watershed. 
Exposure of the watershed is stated in terms of direc- 
tion traveled by the stream from its source to the 
station. Major disturbances affecting black fly de- 
velopment are mentioned. Information concerning 
area and elevation of the watershed, and temperature, 
width, depth, and speed of the stream at the stations 
is given in Table 4 to facilitate cross reference with 
Tables 5 and 6 and the diseussion that follow. 


ANCHORAGE 

18B was located on the Ft. Richardson Military 
Reservation at the bridge over Otter Creek, the first 
stream crossed when one travels Loop Road from east 
to west, having approached from the Alaska Railroad 
crossing. The bottom consisted of sand, gravel, and 
small rocks. Grass and sedge trailed in the water. 
The station was exposed to the sun on both sides of 
the bridge. 

Above Otter Lake the watershed 
irregular U-shaped valley with south, 
north exposures, the major portion being the slope 
with northern exposure. The floor of the valley 
above the lake was occupied by a spruce-heath bog. 


consisted of an 
east, and 


In general the higher ground was covered with shrubs 
and deciduous trees. The stream draining the bog 
above the lake is called the inlet stream and the one 
draining the lake, the outlet, although it is really 
just a continuation of the same stream. Otter Lake 
covered about 8 ae. and was very shallow. Below 
the lake the valley was steep-walled and narrow. 

On June 13 the bog drained by Otter Creek and 
possibly much of the area around Otter Lake were 
sprayed with DDT during mosquito-control activities 
conducted by the Army. On the June 15 visit the 
stream, at all stations, was sparkling clear, but was 
unoccupied by living immature black flies and_ re- 
mained unoccupied exeept for first instars until the 
Visit on August 10, when a few small and medium 
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larvae were taken, representing the re-establishment 
of another successful population. 

18C was in a steep-walled ravine about 600 yd. 
downstream from 18B. Here the stream runs about 
60 ft. below the top of the bank, has a normal width 
of 5-8 ft., depth of 1-12 in., and velocity of 2.5-5 ft. 
per second. Normal speed in black fly habitats was 
about 3. The bottom was composed of sand and 
seattered rocks and logs. Riffles, small pools, and 
6-10 in. falls The stream margins 
were covered with grass, sedge, and ferns, with trail- 
In addition to 


were common. 
ing fern fronds especially abundant. 
the steep banks, aspen and birch provided shade over 
the area during the summer. 

18D was located in the bog, about 300 vd. from the 
the shore of the lake on the inlet stream. The bottom 
consisted of soft mud, and the undermined banks 
were matted with submerged willow and alder roots 
and trunks. A dense growth of willow and alder 
shaded the station, even when the foliage was no 
longer on the shrubs. 

18A was located on a densely timbered alluvial fan 
about 0.8 mi. below 18B. The stream width varied 
between 10-20 ft. Between the extensive riffles were 
pools of quiet water. The water was very shallow at 
the riffles, where the velocity ranged from 2-4 ft. per 
second. The bottom consisted mostly of sand, gravel, 
and small rocks in the riffles, and numerous low falls 
were present, caused by large roots or thin trunks 
The station 
was densely shaded by trees, and trailing vegetation 


lodged diagonally across the stream. 


was at a minimum. 

The population data for these four stations are 
given in Fig. 2. 

55A was about 200 vd. northwest of the road at 
the first riffle on the outlet stream of Lower Fire Lake 
at milepost 16 on Glenn Highway. The bottom con- 
sisted of sand, gravel, stones, and small boulders. 
There were parallel logs lodged between the boulders, 
and the east bank was margined with sedges and moss. 
The station was shaded by large paper birches. 

The watershed included a valley with a_north- 
western exposure, and Lower Fire Lake oceupied the 
center of the valley floor. It was margined by a 
wide sphagnum-heath bog. The southwest end of the 
lake gradually narrowed to form a channel about 20 
ft. wide, 2-3 ft. deep, with a muddy bottom containing 
a few large boulders and margined with a dense 
growth of sedge. The lake was fed principally by 
drainage from Upper Fire Lake, a much deeper and 
colder body of water on the east side of the road at 
the foot of the Chugach Mountain Range. 

The water was always clear except for a few days 
after July 22, when a beaver dam on the inlet stream 
of Lower Fire Lake was destroyed. Then the water 
was very high and muddy in the lake and its outlet 
stream. 

55B was about 150 yd. below 55A at the next riffle. 
The bottom consisted of large boulders with a few 
small rocks and pieces of logs wedged in between. 
There was little trailing vegetation, and the station 
was densely shaded by large spruce and bireh trees. 
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55C was about 50 yd. below 55B. The bottom was 
covered with small loose rocks and there were a few 
dead branches lodged across the stream against small 
In places along the margin ferns and grass 
The area was exposed to direct 


boulders. 
trailed in the water. 
sunlight at mid-day. 

58 was located on Little Peters Creek just below 
the bridge at milepost 20 on Glenn Highway. The 
bottom consisted of sand, coarse gravel, and small 
rocks from 3-12 in. in diameter (many of which were 
smooth and rounded), as well as nonmovable boulders. 
There was a small amount of trailing grass at spots 
along the edge, but submerged living branches were 
present; also dead branches, poles, and logs had be- 
come lodged by the boulders. The station was open 
and exposed to the sunlight, but the stream was heavi- 
lv shaded above and below the study area. 

The watershed included a steep valley with a 
northern exposure, situated between two mountains 
that were well forested up to the tree line. 

The stream was still iced over to a great extent as 
late as May 5. 

58A was about 200 yd. above the bridge where the 
stream was shaded and 6-9 in. deep. 

J8B was about 50 yd. below the main study area. 
It was densely shaded and deep; huge boulders con- 
stituted the bottom, with only a few movable stones 
present. Dead branches and poles were lodged be- 
tween the boulders. 

59 was the Bear Lake outlet stream at the metal 
culvert in the road fill at milepost 23.5 on Glenn 
Highway. The culvert was about 30 ft. long and 
3 ft. in diameter. The bottom consisted of the cor- 
rugations of the culvert with a small amount of sand 
in the coneavities, and below the culvert for about 4 
ft. the stream flowed over small Oc- 
casionally some of the aquatie vegetation at the cul- 
vert intake trailed through the screen covering the 
entrance. The culvert outlet was exposed to the sun 
and contained no vegetation. 

Bear Lake is a large lake at the base of a steep 
western slope of the Chugach Range. 

A wire sereen across the intake of the culvert be- 
came clogged with aquatic plants several times during 
the summer, thus impounding the lake water and 
lowering the water level in the culvert. Eggs that had 
been plastered along the water line previously were 
then exposed to drying, and this probably altered the 
population density as well as the species ratio. On 
occasions during the summer construction 


loose stones. 


several 


crews widening the fill disturbed the station tre- 
mendously. 

133 was located southwest of Anchorage on Fish 
Creek at the large wooden culvert in the extensive 


fill on the Turn-Again-Heights (Development) Road. 
The creosote-treated culvert was about 5 ft. wide and 
4 ft. high. At the exit the water formed a falls about 
15 in. high above a deep pool. In the culvert the 
bottom consisted of the wooden floor seattered with 
rocks, many right at the entrance. The local children 
plaved here occasionally; so the stones were some- 


times disturbed and displaced. Immediately below 
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the exit pool the stream was shallow and the bottom 
covered with gravel and small stones, but farther 
downstream it was deep, with a bottom of mud. There 
trailing vegetation, debris, and logs were plentiful. 
The water usually carried a slight organic stain. 

Fish Creek drained several small lakes to the south- 
east, as well as extensive lowland containing some 
spruce-heath bogs. 

Early in April, while the snow was still on the 
ground, a small area in the watershed was treated 
with insecticide during prehatching mosquito-control] 
experiments. 

150 was southeast of Anchorage on Campbell Creek 
one-fourth mi. south of Campbell airstrip, where 
the road crossed the stream. The bottom consisted 
of sand, gravel, rocks up to 8 in. in diameter, logs, 
and some debris. There was considerable trailing 
grass along the margin, and at the station Equisetum 
and ferns produced the only shade, but immediately 
upstream there was a dense growth of spruce and 
birch. 

The watershed included a the 
Chugach Range, which supported a good stand of 


western slope of 


spruce, birch, and aspen. 

156 was about 100 yd. above the bridge on Goat 
Creek at milepost 36 on Glenn Highway. The study 
area was situated at the base of a steep alluvial fan, 
one shore being almost perpendicular mountainside 
and the other a gravel bank that gradually leveled off 
at the station. There the stream bed was wide and 
sparsely shaded by large cottonwood and birch trees. 
The bottom consisted mostly of stones, 2-10 in. in di- 
ameter, with very little sand. Trailing vegetation in 
the form of herbs was scarce, but there were a few 
dead branches lodged by some shrubs, and a fallen 
birch near the upper limits of the station. 

The watershed included a steep-walled valley with 
northern exposure, densely covered with spruce and 
deciduous trees. 

On August 4 Knik River was at flood stage and the 
water backed up over the study area; so observations 
were made upstream. 

207 was about 2.7 mi. southeast of station 150 on 
the north branch of Little Campbell Creek, where the 
creek crossed the road just a few yards north of the 
junction with the road going west toward the Alaske 
Railroad. The bottom consisted of sand, gravel, rocks, 
and debris below the bridge, and roots, debris, and 
large rocks, some moss-covered, upstream. There were 
a few sticks and branches both up and down the 
stream and some trailing grass below the bridge. Most 
of the station was shaded by spruce and birches. 

The watershed included a steep northwestern slope 
of the Chugach Range, with a small lake at 800 ft. 
elevation. Almost the entire area was forested with 
spruce, birch, and aspen. 

270A and 270B were part, way up the mountain- 
side on the inlet stream of Upper Fire Lake, which 
was at milepost 16.5 on Glenn Highway. The sta- 
tions were about a 5 and 15 min. hike up the mountain 
south of the road at milepost 17.5. At the road the 
forest floor was covered with a dense tangle of low 
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October, 
underbrush and fallen trees. This condition prevailed 
down the steep-walled narrow valley in which the 
lower part of the stream was located. 

About 100 yd. up the valley the footpath crossed 
the stream. This location was designated 270B. There 
the stream was between 2 and 3 ft. wide and from 4 
in. in the swifter shallow parts to 12 in. deep in the 
pools. The stream bed was about 1.5 ft. below the 
top of the banks, and the perpendicular sides were 
deeply undermined at the curves. The bottom con- 


sisted of mud, sand, roots, and some sticks. Grass, 
sedge, and Equisetum trailed in the water, as well as 


a few scattered clumps of willow branches. The area 
was densely shaded by willow, alder, and larger de- 
ciduous trees. 

On the south wall of the valley about 100 yd. above 


270B there was a break in the wall making ascent 
possible. Above this was an alluvial fan with its 


apex at the steep mountainside to the southeast. Here 
a tumbling stream descended an 8 ft. fall. The see- 
tion of the stream for 30 yd. below the falls consti- 
tuted 270A, where the bottom consisted of large im- 
movable moss-covered rocks, smaller loose rocks up 
to 10 in. in diameter, a few pieces of lodged wood, 
and a small amount of sand. There was little trailing 
vegetation, mostly in the form of devilsclub leaves. 
The station was partly exposed to sunlight, the shade 
being furnished by spruce trees. The tumbling stream 
at 270A disappeared into the marsh in the valley 
below the notch. 

The watershed included a small, steep mountain 
valley with northwest exposure, which was well forest- 
ed by birch, spruce, aspen, and alder. 

271 was on Big Peters Creek, a large glacial stream 
at milepost 20 on Glenn Highway. By the bridge the 
stream bed was strewn with large boulders, small 
rocks, gravel along the margin, and seattered sandy 
pockets. Logs, dead trees, and limbs were lodged 
between the boulders. Along the banks alder branches 
trailed in the current, otherwise trailing vegetation 
was absent. The station was completely exposed to 
the sun except for the margin and under the bridge. 
The water always carried some glacial silt, but it was 
most pronounced at high water during the latter half 
of August. 

The watershed included a narrow 18 mi. valley in 
the Chugach Range with northwestern exposure. The 
stream originated above 5,000 ft. where it was fed 
by small glaciers. In this valley numerous small 
nonglacial streams emptied into it, resulting in a 
much diluted glacial stream at the study area. The 
valley below tree line was well forested with spruce, 
cottonwood, alder, and other deciduous trees. 

272 was on the Ft. Richardson Military Reserva- 
tion on a small stream crossing the side road about 
a half mile beyond its junction with Loop Road, 
which in turn was about a quarter mile northeast of 
the Alaska Railroad crossing. Below the bridge the 


bottom consisted of gravel and smooth rounded stones 
up to 9 in. in diameter, as well as nonmovable moss- 
covered rocks. 


The latter were especially prevalent 
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about 100 yd. downstream, where there were a series 
of falls and pools caused by roots, fallen logs, and 
rocks. Trailing vegetation was at a minimum along 
the study area, which was densely shaded except at 
the bridge. 

The stream had its origin in a series of springs 
about 200 yd. to the south at the base of the moraine 
that ran parallel with the road. The moraine formed 
the crest of the south bluff overlooking the Eagle 
River flats. The area was covered with a few spruce 
trees, many birches, alder, and deciduous shrubs. 

276 was southeast of Anchorage where Campbell 
Road crossed the westernmost tributary of Chester 
Creek. At the riffles just below the bridge the bot- 
tom consisted of gravel and small stones up to 5 in. 
in diameter. A few feet farther downstream the 
creek narrowed and deepened, becoming much slower, 
and the bottom changed to mud. There was a small 
amount of trailing just below the 
Above the study area it was densely shaded, but the 
station was exposed to the sun. 

Much of the watershed consisted of a lowland bog 
covered by spruce, birch, and seattered patches of 
A few knolls of higher ground supported 


bridge. 


grass 


Carex. 
young aspens. 

On April 7 and 8 DDT was applied by airplane to 
three experimental mosquito-prehatching plots, 400 
by 600 ft., within the limits of this watershed, which 
might explain the almost complete absence of imma- 
ture black flies prior to July 19. 

277 was southeast of Anchorage at the uppermost 
crossing of Chester Creek by Campbell Road. The 
hottom consisted of rocks and gravel with a few sandy 
pockets. Submerged dead and living branches were 
present, as well 
at the bridge. 
the water line and were covered 


as some trailing grass and vegetation 
The banks were a couple feet above 
with a heavy growth 
of shrubs and trees, producing dense shade at the 
station. 

The watershed ineluded a wide valley on the west- 
ern slope of the Chugach Range and some bogland 
supporting spruce, birch, and Carex, with birch and 
aspen on the knolls. About 0.4 mi. upstream there 
was an old beaver dam impounding about 15 ae. of 
water. 

On June 21, just before the station was visited, 
DDT was applied to the stream for about 0.3 mi. 
above the station. 

278 was southeast of Anchorage on the north fork 
of Campbell Creek at the Campbell Road_ bridge. 
Below the bridge the bottom consisted of gravel and 
Some big logs and 
The banks were 


stones up to 12 in. in diameter. 
branches were lodged in the current. 
about 2 ft. above the water line and 
with grass and shrubs, some of which trailed in the 
water. The station was exposed to the sunshine ex- 
cept along the where the overhanging 
vegetation furnished shade. 

The watershed included a steep, narrow valley of 
the Chugach Range with northwestern exposure, 
known as Campbell Creek Canyon. About half of the 


were covered 


margins, 
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area below tree line was well forested, the remaining 
area being poorly drained and similar to that above 
station 277. 

279 was southeast of Anchorage on the south fork 
of Campbell Creek at the Campbell Road bridge. 
Below the bridge the bottom consisted of some sandy 
pockets, gravel, and large rocks. The banks were steep 
for several feet above the water line and overgrown 


with grass, briars, small trees, and shrubs. A few 
branches and some grass trailed in the current. The 


station was exposed to sunlight except along the mar- 


gin, where the overhanging vegetation furnished 
shade. 

The watershed included two large rugged mountain 
The creeks from these two 


A con- 


valleys facing northwest. 
valleys joined about 5 mi. above the station. 
siderable portion of the watershed was above tree 
line, and only a small area directly above the station 
was poorly drained. Many feeder streams joined the 
south fork and its two main branches. 

281 was southeast of Anchorage at the first Camp- 
bell Road bridge across Chester Creek. Just below 
the bridge the bottom consisted of coarse gravel and 
stones in the riffle, but beyond this the stream deep- 
ened and there were big boulders. The banks, deeply 
undermined, were just a few inches above water level 
and were covered with grass and willow. Some of 
the submerged shrubs and trailing grass furnished 
anchorage for the immature black flies. The stream 
was densely shaded upstream, but was only partially 
shaded at the station. 

About one-third of the watershed was mountainous, 
part of which was above tree line, but the major 
portion consisted of poorly drained bogland support- 
ing spruce, birch, aspen, and seattered patches of 
Carex. 

On June 21, just before the station was visited, 
experimental applications of DDT were made to the 


stream about 3 mi. above this station. 


FAIRBANKS 

102 was northwest of Fairbanks on a stream that 
crossed Farmers’ Loop Road about 1 mi. north of the 
College Road junction. The bottom was composed of 
muck, with some fine gravel where the current was 
greatest. To a considerable extent the bottom was 
bound together by Carex roots and aquatic vegeta- 
tion. In the first half of the season the stream was 
exposed to the sun, but during July and August the 
emergent vegetation was so dense that in some places 
water could scarcely be seen. The water carried a 
heavy organic stain during most of the summer, but 
was almost clear during May, when the runoff was 
heaviest. 

The watershed consisted of poorly drained land, 
containing a few sizable trees, but for the most part 
covered by shrubs, small spruce, and birch. This 
stream drained a shallow pond of about 20 ae. 

215 was northeast of Fairbanks on a small stream 
that crossed the road at milepost 19.1 on Steese 
Highway. Above the bridge the bottom consisted of 
coarse gravel containing many rocks up to 20 in. in 
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diameter. There was very little trailing vegetation 
other than oceasional alder roots. The stream was 
heavily shaded above the station. The water was 


clear except during the spring thaw, the third week 
of May, when it carried silt and was 18 in. deep with 
a speed of 5 ft. per see. 

The watershed included a shallow valley with south- 
eastern exposure on the southern slope of 
Pedro Much of covered by 
dense alder thickets. 

222 was northeast of Fairbanks on a small stream 
at milepost 16.2 on Steese Highway. The bottom con- 
sisted of coarse gravel and flattened stones up to 10 
covered 


steep 


Dome. the area was 


in. in diameter. The banks were low and 
with tall grass and other herbs, so that trailing vege- 
tation was plentiful. The water was clear except 


during the spring thaw, about the middle of May, 
when it was about 10 in. deep and carried much silt. 

The watershed consisted of a steep slope with east- 
ern exposure, and was covered by alder, aspen, and 
birch. 

503 was southeast of Fairbanks on Clear Creek at 
milepost 357.8 on Richardson Highway. Below the 
bridge the bottom consisted of mud, which contained 
some gravel and a few scattered stones up to 14 in. 
in diameter. Some debris was lodged against the 
larger stones and trailing vegetation was plentiful. 
The shallow, more sluggish parts of the station were 
overgrown with Although 
small trees, including willow, grew along the banks, 


Equisetum and Carex. 


most of the stream channel was exposed to the sun. 

The watershed consisted of flat, poorly drained 
Carex marshland between the Tanana River and the 
Chena Slough. 

Late in July and throughout August an algal scum 
covered the stones and other objects in the water. 
The Ladd Field area was sprayed by airplane on 
June 14 and 25, and again on July 14. This area is 
downstream from the station, but the 
sprayed during the July 14 treatment was not known. 
The black fly population disappeared after that and 


exact area 


did not return until early in September. Either 
factor might have caused its disappearance. 

508 was north of Fairbanks on Little Blanche 
Creek at milepost 8.3 on Steese Highway. On the 


downstream side of the road the bottom consisted of 
gravel and earth with scattered rocks up to 4 in. in 
diameter. The banks overgrown with tall 
grass and shrubs that trailing vegetation was abun- 
dant. The station was exposed to the sun except for 
the shade provided by the foliage. 

The watershed consisted of a shallow valley with 
northeastern exposure. Much of the area was covered 
by tall grass and shrubs with occasional clumps of 


were so 


alder and birch. 

On July 14 the plane that sprayed the Permafrost 
Station north of Fairbanks with DDT flew over 508 
to the vicinity of Fox before turning around for the 
next spray run. Even though the pumps were cut off 
at the end of the run, some spray continued to flow 
from the boom for a short time. This might explain 
the disappearance of black flies after July 13. 
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509 was north of Fairbanks on a small stream that 
crossed Steese Highway at milepost 9.0. On both 
sides of the bridge the bottom consisted of some mud 
and fine to coarse gravel and stones up to 10 in. in 
diameter. There was very little trailing vegetation, 
and the station was exposed to the sun. 

The watershed consisted of a shallow valley on a 
northern slope, much of which was covered with 
shrubs and the rest by tall grass. 

It is possible that an aecidental release of DDT 
over this watershed, too, on July 14 might have helped 
to account for the disappearance and continued ab- 
sence of black flies. But that does not entirely ex- 
plain the situation, for there was already a reduction 
in population on July 13 and a notation in the field 
notes to the effect that “some [larvae] appeared to be 
dead.” 

1/1 was northeast of Fairbanks on a stream that 
crossed Steese Highway at milepost 15.2. Below the 
bridge the bottom consisted of gravel and stones. 
There was some trailing vegetation along the bank, 
but the station was exposed to the sun. 

The watershed ineluded a small narrow valley on a 
steep southeastern slope, most of which was covered 
by a dense growth of low birch, alder, and other 
shrubs. 

During the winter huge masses of ice formed on 
hoth sides of the road and did not entirely disappear 


TABLE 4. 
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Ice was still 
covering the stream bed as late as May 25. These 
factors might have accounted for the absence of black 


until sometime between June 8 and 16. 


flies until early July. 

Some DDT released accidentally on July 14 on the 
flight to Fox might have been carried by the wind to 
this watershed, thus possibly causing the sudden de- 
cline in population after that date. 

516 was northwest of Fairbanks on a small stream 
crossing’ Farmers’ Loop Road 4.2 mi. northwest of 
Steese Highway junction. Below the bridge the 
stream was normally about 2 ft. wide and 6 in. deep, 
but above the bridge it broke up into interlacing 
channels about 18 in. wide and almost a foot deep 
with a mud bottom containing a little gravel. The 
downstream study area was exposed to the sun even 
though the banks were overgrown with tall grass and 
brush, but the upstream area was shaded by Equise- 
tum, herbs, and brush. Trailing vegetation was 
abundant, and throughout the season the water car- 
ried a pronounced organie stain. 

The watershed included a broad valley with south- 
eastern exposure. The elevated portion was covered 
by a dense growth of young birches, and the lowland 
contained brush, scattered stands of bireh and spruce, 
some small Carex marshes, and a small lake. 

127 was northeast of Fairbanks on a stream that 
crossed Steese Highway at milepost 17.25. On the 


Physical characteristics of Biology Stations. 








WATERSHED STREAM 
Station — = 
Number Temperature (°F) Speed 
Area Elevation - Width Depth Feet per 
(Square miles) (Feet) Average Maximum (Feet (Inches) Second) 
Anchorage 
ISB 5 80-270 52 69 10 ‘4 ye 
ISD 2 95-270 39 3 3.5 24 eo 
ddA $ 220-3 ,000 52 70 10 12 3 
5S 9g 390-5 ,000 39 4(} 12 +) 
59 Bf 220-3 ,000 54 71 1:5 rs Z 
133 4.7 25-200 45 54 5 3 oo 
150 2.5 250-800 39 44 3 } 3 
156 14 25-5 ,400 Ht 52 12 IZ $ 
207 2 600-1 ,200 4] 48 } 5 y 
270A a 800-3 ,000 38 44 3 4 4 
271 78 380-7 ,400 42 4 IS 30 4 
Zhe a 170-200 39 3 } } 3 
276 3.5 225-450 3 57 } 2 a 
277 12 225-4 ,000 45 5S 6 6 4 
278 11 300-5 ,000 44 HS 10 ES ou 
279 25 300-5 ,000 44 52 25 12 $.5 
281 IS 1754 ,000 44 56 10 1S eo 
Fairbanks 
102 2 | 480-800 53 75 2 } <1 
215 1 | 1 600-2 ,400 38 40 L5 3 235 
222 1.3 | 1 , 100-2 ,200 39 42 ES 3 2:3 
503... . 5 | 460-480 55 67 8 6 ye 
5OS8 | | 775-1 ,350 42 49 LS 2-24 2 
509. 6 | 725-1 ,250 3 53 3 5 2 
511 3 | 1,000-2 ,200 38 12 1.5 5 2.5 
516 1.5 | 550-1 ,300 47 5S 2 6 l 
521 es | 1 ,400-2 ,400 38 40 2.5 5 y ge 
523 3.0 | 475-1,200 16 50 10 g 2 
526 6 450-2 ,000 52 61 220 6 Zio 
528 2 480-490 48 61 2a 24 leo 
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downstream side of the road the bottom consisted of 
fine and coarse gravel with scattered rocks up to 4 
in. in diameter. There was very little trailing vegeta- 
tion, and the area was partly shaded by overhanging 
trees. The water was clear except during the spring 
freshet in the middle of May, when it carried a great 
deal of silt. 

The watershed included a southeastern slope on one 
of the lateral ridges of Pedro Pome. The area was 
covered by a dense growth of alder, young birch, and 
aspen. 

523 was north of Fairbanks Isabella Creek 
where it crossed Farmers’ Loop Road 1.5 mi. north of 
Steese Highway junction. On the downstream side of 
the bridge the bottom consisted of gravel and some 
mud. There in the stream, and 
trailing vegetation was plentiful. The study area was 
partly shaded by trees and shrubs. 

The watershed included a broad valley with south- 
west exposure. About two-thirds of it was poorly 
drained, containing small marshes and ponds. 

The nearby Permafrost Station, which was sprayed 
with DDT by airplane on July 14, was located within 
this watershed. It is likely that the compiete disap- 
pearance and continued absence of black flies may be 
attributed to this spraying. 

526 was west of Fairbanks on Happy Creek where 
it crossed Ester Road 5.5 mi. west of Steese Highway 
junction. Below the bridge the bottom consisted of 
mud and gravel with small rocks in the swifter por- 
tions. Tin cans and bottles were numerous. There 
was very little trailing vegetation, and the area was 
shaded to some extent by the high vertical banks. 

The watershed included the broad eastern slope of 
Ester Dome. The lowland was covered with brush 
and scattered stands of spruce and birch and con- 
tained five small lakes, the largest of which was 


9 
ao 


on 


was much debris 
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528 was southeast of Fairbanks on a stream, about 
200 feet south of the road, flowing parallel with 
Richardson Highway at milepost 337.2. The bottom 
consisted of soft muck. The low banks were thickly 
covered by sedge hummocks about 1 to 2 ft. in diame- 
ter. The stream meandered between the hummocks 
and frequently encircled them; consequently trailing 
vegetation was abundant. The area was exposed to 
the sun except for the shade furnished by the hunm- 
mocks. On July 27 and August 23 the nearby Tan- 
ana River was high, and the water level at the sta- 
tion was up a foot or more. 

The watershed included a flat marshy area between 


the Tanana River and the Chena Slough. It sup- 
ported a spruce-larch forest, which encircled in- 


numerable Myrica-Andromeda-sedge and dwarf bireh- 
sedge marshes. 

On July 3° experimental 
mosquito adulticides were made on plots within the 
limits of this watershed. Apparently the drainage 
from these areas earried enough DDT to eliminate 
the black flies and prevented the development of a 
return population. 


aerial applications of 


Factors INFLUENCING LocAL DISTRIBUTION OF 
BLAcK FLIES 

If a species exists in a given area, it will be found 
where and when those requirements for its develop- 
ment are fulfilled. However, considerable variation 
exists in the degree to which the various conditions 
fulfill the of In addition, 
species seem to have much greater tolerance of sub- 
optimum conditions during development than others. 
The counterplay of these factors must in great part 
determine the local abundance and distribution ot the 
We have considerable information 


needs a species. some 


various species. 
coneerning stream temperature, speed, depth, and 





about 50 ae. substratum, only limited information about pH, 
TABLE 5. Distribution of black flies at Anchorage Biology Stations. 
Station Number 270A} 272) 150)18D} 58) 207| 271) 276) 278) 279) 156) 281) 277) 133) 18B) 554; 59 
Average Temperature (°F.) 38; 39} 39) 39) 39) 41) 42) 43) 44 4. 44, 45) 45) 52) 52; 54 
Maximum Temperature (°F.) 44| 43) 44) 43) 46) 48) 54) 57) 53) 52) 52) 56) 58) 54) 69 70) 71 
Species* Temperature ** 
fulvum 35-41: 43-44 X xX | O O ‘ : , 
alpestre 42-47: 43-54 X O X O X X X O X X X O 
hirtipes 37-44: 43-57 xX Rete oe oe ee oe Oe 
pugetense 34-49: 41-52 X = ge So pee oe CO ie St 6 ae eS ee ce ee 
onychodactylum 33-48 : 43-57 X rete” Ve Ce So a ee 
bicornis 42-46: 43-58 Rae etek Oe OO) ei O14 xX) Ki x 
pleurale 36-49: 46-49 a a OO Te Ae 8 Bee 
arcticum 46-48: 49-55 xX O X X X X O O Xt} O O 
corbis 45: 50-60 OT O i KOO] x1 AX] OO] Sa A Oo 
saileri 45-49: 49-62 bs Ci Bi X11 OO, x1 xX) Oi] Oo} 2ho 
tuberosum 44-64: 49-68 : O X > . 4 X X X X 4 X O 
venustum 43-65: 49-71 O x X O O X X x 4 x X 
vittatum 38-62: 52-71 O Xx X | X xX. x 
latipes insufficient data) 01D 1.21 OT A171 oO 
aureum 49-66 : 54-72 O O| X O X 3. 
decorum 49-70: 60-71 X X X 





*P. travisi omitted because of insufficient data. 
**Temperature range at hatching: range of maximum temperature during occupation. 
X—Present, O—Absent. 
... too cold, too warm or lake outlet. 
+Development completed before effects of impoundage became pronounced. 
Taken at downstream substation only. 
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lack data 
food, oxygen requirements, and predatism. 
Of the physical characteristics, temperature is the 


erowding, and regarding 


parasitism, and 


most consistent over a large seetor of the stream at 
a given time; speed, depth, and substratum varying 
tremendously in the same sector. In Tables 5 and 6 
the station arrangement progresses from coldest to 
warmest as determined by averaging the temperatures 
that were recorded once a week throughout the season 
while the water was above 32°F, supplemented by 
the attained. The species 
arrangement to 
warmest as determined by the temperature range at 
hatching the 
temperature while the station was occupied by the 


maximum temperature 


likewise progresses from coldest 


supplemented — by maximum = stream 
species, 

That the temperature requirements are the most 
important factors determining local distribution of 
the species is clearly indicated by the species distribu- 
tion as shown on Tables 5 and 6. The absence of a 
species from a particular stream location during the 
entire season can usually be attributed to stream 
temperature not meeting the species requirements. 
sorderline cases can probably be explained by the 
fact that although the critical temperature may have 
been reached, it did not remain long enough. In most 
cases the spotty absences ean be attributed to speed, 
depth, or substratum, which indicates that the species 
might well have occurred a few feet above or below 
the particular location studied, as indicated in the 
discussion of longitudinal studies. 

From our limited data on hydrogen-ion concentra- 
tion, it is not possible to show any clear correlation 
between pH and larval abundance or local distribution 
of species, although there seemed to be a difference 
in the pH range in the two areas, the averages for all 
three categories of stations being lower in the Anchor- 
age This is further discussed under the station 


area. 


categories, 


TABLE 6, 
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Distribution of black flies 





9-7 
ao 


The quality and temperature of the water at a 
given location are determined by the elevation and 
type of watershed. As long as the water is in motion 
these factors vary little for a considerable distance. 
They can be greatly modified in a very short distance 
by the of falls, which particular 
change the oxygen content, and by impoundage, which 
tremendously modifies all factors. The addition of 
water from other streams draining different types of 


interception in 


watershed produces a change below the point of fu- 
sion, the magnitude of the change being determined 
by the quality and quantity of water involved. 

The well-known phenomenon of diurnal variation 
of the dissolved-oxygen content of the water in lake- 
outlet streams makes it seem likely that species living 
in these streams tolerate great variation in dissolved- 
oxygen content of the water. This cycle occurs only 
lakes of 
aquatic plants; so this applies to only a part of the 


in or streams supporting sizeable crops 


studied. 
amount of dissolved oxygen or variation in the oxy- 


stations However, it is possible that the 
gen content may have some influence in local distribu- 


tion, although these factors are closely correlated 
also with stream temperature and food abundance. 
The absence of Prosimulium fulvum from 150 and 
18D can probably be explained by the corresponding 
absence of falls, since this species was taken only 
from cold tumbling streams. P. hirtipes, alpestre, 
and pleurale were not taken from lowland lake-outlet 
streams, whereas Simulinm vittatum and Cnephia 
eremites appear to be restricted to lake-outlet streams 
even though their hatching temperature is low.  S. 
arcticum and corbis and C. saileri developed in low- 
land lake-outlet streams, but did so early in the season 
before the full effects of impoundage became evident. 
P. alpestre was absent from streams whose water 
source consisted largely of bogland. Glacial streams, 
such as Big Peters Creek and Eagle River, produced 
only a few species of black flies. At some stations 


at Fairbanks Biology Stations 





Station Number 521 215 | 511 
Average Temperature (°F.) 38 38 38 
Maximum Temperature (°F.) 40 40 42 
Species* Temperature ** 
holopticus 38-39: 40-42 X X X 
dichopticus 38-40: 40 O X O 
sommermanae 39: 42 O O O 
ursinum : 40-42 O X O 
alpestre : 39-42 X X X 
hirtipes | 7: 40-42 X X O 
emergens }: 42-67 X 
bicornis : 41-70 X 


: 50-75 


: 53-75 


tuberosum 
venustum 


baffinense > 49-61 
latipes 2: 58-75 
aureum 3: 57-75 


5: 61-69 
: 61-70 


decorum 
eremites 





22 508 509 523 516 528 526 102 503 

39 42 13 46 47 48 52 53 55 

42 49 53 50 58 61 61 45 67 
x 
O 
X 
X 
X 

X ; ; 

X X X X O O X O X 

X X X x X X X X O 

oO b.3 B 4 X X xX X 

X O X X x X X 

X X X O O O 

ae X B. 8 xX X O 

X O 4 X X 

O X X xX 

O X xX O 





P. decemarticulatum, S. rubtzovi, gouldingi, and C. minus omitted because of insufficient data. 
“*Temperature range at hatching: range of maximum temperature during occupation. 


X 


Present, O—Absent. 
too cold, too warm or lake outlet. 
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Distribution of black flies common to Anchorage and Fairbanks Biology Stations. 





PATA | 


Species 


521/215)511) 270A 
Gymnopais 
spp. or 
fulvum 
alpestre 
hirtipes 


bicernis - 


| 
| 
| 


AA 


AAA 
AAA 


bas 


AAA 
AAAA 
| 


eet ata| 
Aw | 
4 Ps | 


| 
| 
| 
| 
| 


tuberosum. .| — | — 
venustum...| — 
latipes 
aureum 

de corum.. 


*Taken at downstream substation only. 


their absence was due to the application of insecticide 
to the stream or its watershed. 


DETERMINATION OF STATION CATEGORIES 

It seemed logical to assume that conditions were 
similar in all places where a species lived, especially 
if large populations were produced. The eight species 
common to both Anchorage and Fairbanks biology 
stations, as well as fulvum and the two species of 
Gymnopais, were tabulated against all the biology 
stations after they had been arranged in order from 
coldest to warmest. Table 7 gives the distribution 
pattern. The first six stations at the cold end of the 
arrangement must have been similar because they pro- 
duced either or both species of Gymnopais or fulvum 
and failed to produce tuberosum and venustum. The 
last ten stations at the warm end of the arrangement 
also must have been similar because they produced 
latipes and/or aureum and failed to produce alpestre 
and hirtipes. Therefore it seemed possible to group 
the 29 biology stations into three categories, depend- 
ing upon the specific species or combinations of 
species each station produced. 

In addition we knew what species had been taken 
from each of the 258 highway stations where collec- 
tions were made at intervals during the summer. 
Therefore we knew which of the total 287 stations 
produced any one or more of the eleven species con- 
If many of the 287 stations pro- 
in 


cerned in Table 7. 
duced either species of Gymnopais or fulvum 
addition to tuberosum or venustum then the discon- 
tinuity in the distribution pattern on Table 7 must be 
attributed to the small of biology station 
samples. The same must be true if many of the 287 
stations produced either alpestre or hirtipes in addi- 
So tabulations were made 


number 


tion to latipes or awreum, 
to see how many stations produced each of the eleven 
species as well as a combination of any two of them. 
The two species were not necessarily present at the 
same time. This information was converted to per- 
centages and is given in Table 8. At the few stations 
where the above-mentioned specific combinations did 
oceur these species composed a small part of the entire 
black fly population present. The blocked-in low 
percentages substantiate rather well the conclusion 
that the biology stations might be grouped into three 


categories, 


222/272/150) 18D} 58'207,508|27 1/509)/276}278)279) 156/281 /277/133)523)516)5 


mal wi 








526) 18B) 55A/102 


591503 


| 
| 
| 


~ | 
| peas 
nA | 


Anh 
Abe | 


ww | 


X 
X 
X 
X 


AA | 
PAS | 
rr | 
AAAAAA | 
Ar | 
An 


two 


a0 


TABLE 8. Percent of 287 stations producing 


of the species listed. 


any 








decorum 

aureum 

venustum 

tuberosum 

bicornis 

hirtipes 

alpeslre 

Gymnopais spp. 
or fulvum 


latipes 


Gymnopais spp. 


or fulvum 0 0 0 2 3 Bi 24.1 is | 23 
alpestre. . 0 l | 6 | 16 | 13 | 24 | 52 
hirtipes 0 1 1 3) 10) 10 | 35 
bicornis. 2 > 2 8/15/23 
tubercsum. 6 6 6 | 20 | 36 
venustum. .. 7 7 6 | 22 
latipes . 2 f 6 
aureum. 3 9 

7 


decorum.... 


CRITICAL ELEVATION 
3ecause the biology stations in each area could be 
grouped into similar categories on the basis of temper- 
ature and species production probably the same com- 
bination of topographic features was responsible for 
the similarity of conditions existing within the cor- 
responding categories in both areas. It seemed likely 
that the temperature of the water at any station was 
determined largely by the topographic features of the 
watershed, there being a gradual increase in tempera- 
ture from the source of the stream to its mouth, ex- 
cept for resulting from im- 
poundage or fusion with colder water from 


pronounced changes 
bog drain- 
age or spring-fed streams. 

The Fairbanks and Anchorage areas compose two 


distinct drainage basins separated by the Alaska 
Range Mountains. The lowest elevation in the Fair- 
banks area is between 400 and 425 ft. whereas 


Anchorage is just slightly above sea level. For con- 


venience the lowest elevations in the two areas are 
referred to as base low. 

of other factors, did not 
determine the station categories because all stations 
Fairbanks 
were 450 ft. or more in elevation, which was higher 
than most of the stations composing the intermediate 


However, after comparing 


Station elevation, exclusive 


producing latipes and/or aureum near 


group near Anchorage. 
the elevations of the stations composing each category 
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with those of the corresponding category in the other 
area it seemed likely that station elevation above base 
low, though not the sole factor, might be a contribut- 
ing factor in the determination of the station cate- 
gories. 

If elevation and type of watershed influence the 
temperature at any given station then surely the area 
of the watershed is important. Exclusive of the ef- 
fects of impoundage, bog drainage and springs it 
seemed probable that the distribution of the major 
portion of the watershed above or below a specific 
critical elevation might roughly determine the station 
categories in both areas. 

Using topographie maps it was possible to deter- 
mine station elevation, area of watershed and 
centage above and below the critical elevation, if the 
from the major watershed 
through impoundage or came from springs, and if 


per- 


water area of passed 
a large portion of the watershed below critical eleva- 
tion consisted of bogs. 

In an effort to determine what the critical elevation 
night be the percentage of watershed above 1,000, 500, 
600, 500, 400, and 350 ft. above base low was de- 
termined for each station. Only at the 400 ft. level 
did the station arrangement for both areas approach 
the established categories. Examination of the topo- 
eraphie features of those stations not falling into the 
proper categories indicated that the water from the 
major area of the watershed passed through impound- 
age or came from springs, or that a large portion of 


the watershed below the assumed eritical elevation 
consisted of bogs. The eritical elevation in both 
areas appears to be 400 ft. above base low. [t may 


be more than a coincidence that this corresponds to 
the elevation unit upon which Hopkins’ Bioclimatic 
Law is based. Perhaps this is true because in gen- 
eral the angle of elevation is smaller below the critical 
elevation and consequently solar radiation received is 
higher per square foot over a 24-hour period than at 
higher elevations, where the slope of the terrain is 
increasingly greater. Also northern exposure proba- 
bly becomes a factor as soon as elevation and uneven 
terrain enter the picture. 

Because station elevation the 
the major portion of the watershed above or below 
the critical elevation are in part the determining fac- 
tors, the terms “upland,” “semi-upland,” and “low- 
land” seemed appropriate for designation of the sta- 
tion categories. The information given in Table 9, 
exclusive of that followed by an asterisk, supports 
the following definitions and exceptions: 

UPLAND: The station above the critical elevation 
or, Without regard to elevation, the water from 
the from 
springs. 

SEMI-UPLAND: The station below, but the ma- 
jor area of watershed above the critical eleva- 
tion. 

LOWLAND: The station and the major area of 
watershed below the critical elevation. 


and distribution of 


major area of watershed coming 


In addition, if the water from the major area of 
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watershed passes through impoundage the station is 
automatically transferred to the next lower category, 
e.g., 207, 18B, 55A, 59, 516, and 526. In reverse, if 
the major area of the watershed is below the critical 
elevation and to a large extent consists of bogs the 
station is automatically transferred to the next higher 
18D 276. If considerable bog 
drainage and impoundage are 
set each other, e.g., 281, 277, and 133. 

It appears that the two species of Gymnopais or 
fulvum are characteristic of upland habitats in Alas- 
ka, those species for the most part developing in that 
a stream above the critical elevation; and 


category, and 


eo, 


involved they may off- 


sector of 
that the absence of alpestre and hirtipes or presence 
of latipes and aureum is indicative of lowland habi- 
tats. 


TABLE 9. Topographic features of Biology Stations. 





Watershed Water From Masor Part oF 








Category and Elevation Area Above ATERSHED? 
Station Above Critical 
Number! Base Low Elevation 
Feet Percent From Springs|Impounded| From Bogs 
Upland 
1,000 100 x* - 
215 1,200 100 x* = 
5 600 100 X 
270A S00 100 X* 
292 700 100 X* 
272 170 ( X - — 
Semi-Upland 
150 250 55 X X 
1sD 95 0 7 ¥ 
58 390 99 X X* 
207 600 100 xX* xX x* 
508 375 95 X* - - 
271 380 99 X* glacier* X* 
509 325 80 X* — X* 
276 20 - X X 
278 95 ~ _ Xt 
79 30 Os x* XxX* x* 
156 25 98 x* X* — 
281 175 60 - X Xj 
277 225 80 - X Xt 
Lowiand 
133 25 0 _ xX Xx 
523 75 25 - X X* 
516 150 50 X* X X* 
528 SO 0 - marsh* 
596 50 55 - X X* 
18B 90 0 _ xX X 
55A 220 75 - X Xf 
102 80 0 = xX = 
59 220 60 — p 3 —_ 
O3 60 0 - marsh* X* 


! Stations arrarged from coldest to warmest, those in bold face type were 
located at Anchorage 
2 X# restricted to that portion of the watershed below critical elevation only. 
X* indicates that the source was not seen but inferred by R. I. Sailer from 
inspection of the terrain and an examination of topographic maps. 


LONGITUDINAL STUDIES 
the effects of 
bog drainage, and other factors upon species composi- 


Thi 5 
his section concerns impoundage, 


tion and development of populations at various sub- 
stations on the same stream. Actually no comprehen- 
sive longitudinal study was undertaken, but by piee- 
several streams 


ing together the information from 
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LONGITUDINAL STUDY 
| 
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Fic. 2. Summarized results of a longitudinal study at Otter Creek near Anchorage. 
there is evidence to support the comments made in It was unfortunate that Otter Creek was involved 
the preceding section, and similar information proba- in mosquito-control operations on June 13, which were 
bly would have become evident had several streams probably directly responsible for the disappearance 
been studied at intervals for source to mouth. of the black fly larvae by the time of the June 15 
The substations on Otter Creek (18) involve all the — visit, and which may have been directly or indirectly 
factors mentioned above, and because this informa- responsible for the inability of a population to be- 
tion is not given elsewhere it is presented in Fig. 2. come successfully reestablished until August 10. 
The other study locations referred to merely lend sup- On the basis of station and watershed elevation all 
port to the importance of such factors as substratum the substations on Otter Creek fall into the lowland 
and minor temperature differences. category. However, the major source of water at the 
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uppermost, D, was a black spruce-heath bog. It is 
true that isolated exposed pools of water in these bogs 
attain high temperatures, but since the sphagnum 
acts as a layer of insulation, the drainage from these 
hogs is always of low temperature. As a result, at 
this location the stream had the characteristics of a 
semi-upland instead of a lowland station. In addi- 
tion, the water was deep, slow-moving, and heavily 
shaded; so it was oceupied by those semi-upland 
species that could live in slow-moving, bog-drainage 
water in the absence of stones. 

Below substation D the stream empties into Otter 
Lake, which covers about 8 ac. and has a depth of 
12-18 in. over most of the area. Here the water was 
warmed tremendously by exposure to sunlight. All 
the substations on the outlet stream had the character- 
istics of lowland stations. Almost the entire volume 
of water at these substations had passed through 
impoundage; so the lake had obviously canceled out 
the effects of the bog, which in turn had obscured the 
effect of elevation by shifting D to the status of a 
semi-upland station. 

The difference in species composition and density 
of the populations at these lowland substations is 
probably mainly accounted for by differences in sub- 
stratum available for anchorage, depth of water, or 
shade, as one can learn by comparing the species 
preferences mentioned in the section on bionomics 
with the habitat descriptions. Thus, about 100 yd. 
above 18B several specimens of corbis were taken, 
and this species was also present at C but was not 
found at B. Except for one specimen of onychodacty- 
lum taken at C early in May the same five species 
were taken at B and C. At A only three species were 
taken; and corbis being absent. 
3esides habitat differences at A, the black flies were 
in competition with a diatomaceous growth, which 
probably accounted for the low population density 
and the small number of species represented. This 
is discussed more fully in the section treating natural 


arcticum, decorum, 


enemies. 

Both aureum and saileri (the latter in abundance) 
were present at 55B and C but absent from A. S. 
tuberosum was more abundant at C than at A and 
the reverse was true for venustum. Two maturing 
specimens of onychodactylum, a species not repre- 
sented at the regular substations, were taken helow 
5d5C on June 2. 

Although 277 and 281 on Chester Creek differed in 
depth and anchorage facilities, they shared seven 
species in common. P. hirtipes, pleurale, and S. arcti- 
were taken at 281 but not upstream at 277. 
However, these differences might be attributed to 
control activities. The effects of the insecticide were 
not so striking at 281, probably because of dilution by 
feeder streams between 277 and 281. At the colder 
semi-upland substations on Little Peters Creek (58) 
there was no difference in species composition of the 
populations and little difference in population densi- 
ties. 

The upland substations 270A and B exhibited strik- 
ing differences in depths, falls, and type of sub- 
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stratum but only one species was not common to both. 
This was bicornis, which was found at B and may be 
unsuited to tumbling streams. There was a marked 
difference in abundance of some species. At A, 
fulvum was abundant and alpestre rather scarce, but 
at B, alpestre was the most abundant and fulvum the 
least common. Almost no appreciable difference in 
species composition or abundance was noted at two 
study locations at 272, another upland station. 

The evidence at hand therefore seems to indicate 
that the absence of a species from a particular loea- 
tion on a stream where it normally would be expected 
to oceur, can usually be attributed to unfavorable 
conditions regarding substratum, depth or rate of 
flow at that particular location and that the species 
can probably be found a few yards away where dif- 
ferent conditions prevail. 
streams. 


This is not true of glacial 


There is evidence to support the belief that the rate 
of development of a given species population is cor- 
related with the water temperature. Usually this 
correlation was evident between different populations 
in different streams or different populations (genera- 
However, at Otter Creek 
the first generations of both venustum and tuberosum 
matured slightly earlier at 18C than at 18B. This 
might possibly be explained by a higher water tem- 
perature during the middle of the day at 18C, early 
in the season before the leaves appeared. On June 
8 the noonday stream temperature at 18C was 8°F 
higher than at 18B, probably the result of direct sun- 
light on the shallow water in the sheltered ravine. 
A lag in 


the development of the various species was observed 


tions) in the same stream. 


At Chester Creek the reverse was true. 


downstream at 281, where the temperature was usual- 
ly a few degrees below that at 277, a few miles up- 
stream. This is probably accounted for by the small 
feeder streams draining bogland that intervened. On 
June 2 a similar observation was made on Lower Fire 
Lake outlet stream, where population samples were 
taken at intervals for about a mile below the station. 
At 55A the corbis population had entirely pupated; 
at 55C a few larvae were still present but pupation 
was well under way; at the six locations examined 
within the next mile the percent of pupae decreased 
and the percent of larvae increased; and at the last 
location only maturing larvae were present. Un- 
fortunately temperatures were not recorded, but it 
is quite likely that they would have been slightly 
lower because of seepage from the intervening mile 
of lowland that supported a dense growth of shrubs 
and trees, 


Discussion oF Station CATEGORIES 

Species development is discussed in the seetion on 
Bionomies and Distribution of Alaskan Species. Much 
information is presented in Figs. 2 to 7, so for the 
most part only major generalizations are given in the 
following discussion. 

At all three station categories there was an early 
temperature peak about the middle of June, which 
coincided with a long period of fair weather and 











































































































































































































temperature at the 


absence of foliage. 










































































All stations showed 


Upland biology stations. 


succession 


of species, and at most of the stations dominance (in 
terms of superlative abundance) was claimed by dif- 


ferent species at 


different times during 


th 


e season. 


Species succession, dominance, and generation limits, 
as well as the species occupation period at the various 


stations is presented in the figures. Observations con- 


cerning pH made at the Fairbanks stations during 
June showed a range from 6.5 to 7 
observations made from mid-May to mid-July 


At Anchorage 
with 


“5. 
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Fic. 3. Summarized results of observations on life cyeles of black fly species, population densities, and water 


one observation in mid-August showed a range from 


7.0 to 9.0. 
UPLAND STATIONS 

The upland biology stations produced 11 species of 
black flies, which are listed in Fig. 3. Species of the 
subgenus Simulium were conspicuous by their absence. 

The maximum populations at the Anchorage sta- 
selected sq. ft., with 
August. This pat- 


tions ranged from 75 to 100 per 
the peak June and the low 
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Fic. 4. Summarized results of observations on life eyeles of black fly species, population densities, and water 
temperature at the Semi-Upland biology stations. 
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Fig. 5. Summarized results of observations on life cycles of black fly species, population densities, and water 
temperature at the Semi-Upland biology stations. 
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Fic. 6. Summarized results of observations on life cycles of black fly species, population densities, and water 
temperature at the Lowland biology stations. 


tern occurred because the most abundant species— This was to be expected because hirtipes is the only 
fulvum, hirtipes, and pugetense—overwinter as larvae. species that overwinters in the larval stage. At 


At Fairbanks the maximum populations ranged from Anchorage onychodactylum, bicornis, and alpestre 
700 to 1,500 per selected sq. ft., with the peak early started developing about the time the overwintered 


in Julv and the low at the extremes of the season. population was beginning to pupate. The absence of 
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LOWLAND STATIONS, (CONTINUED) FAIRBANKS 
STA! POPULATION & TEMPERATURE SPECIES OCCUPATION, SUCCESSION & SEASONAL DOMINANCE 
NO. 
| — -WEEKLY INTERVALS———— r WEEKLY INTERVALS ] 
J a | 
POP. ¢ oF SPECIES a MAXIMUM LARVAL | 
PER < : * = > a: os . « POPULATION 
= w Vv = < > > > w Vv 
SQFT = ” ° = = ° 2 < B< ° PER SQ. FT. 
” MA — Aan] ee A 
i ol SSeS eee eee Sees eeeeee! Li re! j 
T 7. ew we eS ! ie | 
| i ' + 62 I 
| + 60 
| ' ise ! — 
L ; — 
5.060 : + 54] BICORNIS @ Y 850 MID JUNE | 
, | tes] | ie 
528] 750-4 : Lael TUBEROSUM © 4,150 MID JUNE 
48) || 5005 i +46 ; 
2504 ; +44] VENUSTUM (@ 390 MID JUNE 
i te i 
| 4 | 
et ; P38] LATIPES @ ! 300 MID JUNE | 
| } 25-4 j ; 36 - = 
104 \ ' +34]| BAFFINENSE (i) 1 240 MID JUNE 
. | Trey — TT TTT rrr + Tree? . 
|  ceeeee ro EMERGENS () ; 25 EARLY JUNE 
| ! os See es | 
' +t a 
1 | EREMITES (@ 1 25 MID JUNE 
4 — 
: | T — 
BICORNIS @ 9 MID JUNE 
| : ; +62 A —— 
! [$ei| TUBEROSUM @ 6,000 MID AUG 
| ! 56 oe 
! 
! +54l vVeENUSTUM @ 325 MID JUNE 
| 1 +52 
' = 
r2o) aureum @ 600 EARLY JULY 
1 ! 
+46 
' L44|| DECORUM @) 340 MID AUG 
1 +42 
Pse LatiPes © 5 MID JUNE 
-36 —-—-~—+4 
RUBTZOVI (@ ? LATE JUNE 
GOULDING! @ | <I LATE MAY 
MINUS () ; ? EARLY JUNE 
DECEMARTICULATUM{))! ? EARLY JUNE| 
EREMITES () 3.350 EARLY JUNE| 
BICORNIS @ 7 EARLY SEPT| 
VENUSTUM @ 1,650 EARLY JUNE| 
+t 
AUREUM (2) 1 1.040 MID JUNE | 
+ =| 
LATIPES @ } 125 LATE AUG. | 
DE T 
CORUM @) i 6 LATE AUG 
4 1 
| | TUBEROSUM @ ' 1 <1! MID JUNE 
. i 
i T TTT TT te! te! tet “ 
| jp = EEeee” : | 
| ! 
| \ 
| | ' | 
| | ' ! 
} ' ' 
1 
7.5004 : ' 
{ 
Les eee AUREUM () i 1,260 LATE JUNE | 
1.0004 4 4 
$5) } “750-4 TUBEROSUM @ : mee he 490 EARLY JUNE) 
500 4 I : — 
cool DECORUM @) | 5 . 1,000 EARLY JULY | 
| 754 I ; = | 
50-4 VENUSTUM (@ : ; 21 MID JUNE 
25- - z 
| |} 104 EMERGENS () ' 28 LATE JUNE 
Fic. 7. Summarized results of observations on life cycles of black fly species, population densities, and water 


temperature at the Lowland biology stations. 


hirtipes, 
from 


stage, 


late as 


a 


511 


May 25. 


species that overwinters in the larval 
‘an probably be explained by the 
fact that ice covered the bottom of the stream as 


The average pH value for the Anchorage stations 


was 7.9 and for Fairbanks 7.1. 
the Anchorage stations were slightly higher during 
the last week of May and the first two weeks of June 
while the streams were still exposed to the sun, before 
the overhead foliage had developed. 


The pH readings at 
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SEMI-UPLAND STATIONS 
The semi-upland biology stations produced 13 


species, which are listed in Figs. 2, 4 and 5. 

The maximum populations per selected square foot 
ranged from 250 to 6,000, with one station producing 
an estimated 30,000. There was sometimes more than 
one population peak, and the peaks came in June, 
July, and August. At the majority of the stations 
where alpestre occurred it contributed most to the 
development of the peak, with tuberosum, venustum, 
saileri, and arcticum the most numerous of the re- 
maining species. 

There was a general trend toward iater hatching 
and maturation of the various species following the 
trend from warmer to colder streams. In the colder 
streams all species completed only one generation, but 
in the warmer ones pugetense, tuberosum, and venus- 
tum completed a second generation. In addition, 
saileri, arcticum, and vittatum not only made their 
first appearance in the warmer streams but also com- 
A greater number of species 
Of the species 


pleted two generations. 
was produced at the warmer stations. 
that did 
occurred at 
earliest—onychodactylum first, followed by alpestre, 
and then other semi-upland species. 

The average pH value for the Anchorage stations 
was 7.6 and for those at Fairbanks 7.0 Again at the 
Anchorage stations the readings were slightly higher 
during the last week in May and first two weeks in 
June while the stations were exposed to the sun. 


not overwinter as larvae, those which also 
upland stations, in general, appeared 


LOWLAND STATIONS 

The lowland biology stations produced 17 species, 
as listed in Figs. 2, 6, and 7. 

The maximum populations per selected square foot 
ranged from 2,500 to 15,000, with one station produe- 
ing an estimated 50,000. Sometimes there was more 
than one peak, and the peaks came any time from 
late May to early September. 8S. and 
tuberosum occurred at almost all the stations, and 
renustum was the most abundant species of all, fol- 


vrenustum 


lowed by tuberosum and decorum; then, more specifi- 
cally at Anchorage, vittatum was next in rank and 
at Fairbanks aureum. 

The average pH value at the Anchorage stations 
was 8.2 and at Fairbanks 7.3. In both regions the 
pH values increased until the latter half of June and 
varied only slightly thereafter. 

Although 59 was the warmest station at Anchorage, 
hatching started later there, probably because the 
lake was larger and deeper than the others and was 
The same situation was 
S. bicornis and C. emer- 


a little slower in warming. 
true at 503 near Fairbanks. 
gens, the hang-overs from both upland and semi-up- 
land stations, produced one generation; saileri, arcti- 
cum, corbis, and baffinense also produced but one 
generation, but these species developed early in the 
season before the water became too warm. The cold- 
est and warmest stations produced the fewest species. 

About all that can be said with regard to a general 
tendeney toward early or late appearance of certain 
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species is that the streams warmed so rapidly that 
succession was in terms of days, not weeks, as at the 
upland and colder semi-upland stations. Since ob- 
servations were made weekly, the unit interval was 
too big to measure the difference. The emergence- 
trap data from Fairbanks in particular further sub- 
stantiated this. In general, though, the species that 
also occurred at the semi-upland stations were the 
first to appear at the lowland stations. 

At these lowland stations, where tremendous popu- 
lations developed, e.g. 55A, a longer time was required 
for the maturation of 
hatching continued and the substratum became covered 
with larvae, the later arrivals attached themselves to 
the and the larvae several 
layers deep. This condition probably reduced the 
amount of food the 
and thus prolonged their development. 

When comparing the three station categories, as 
indicated in Table 10, we find that the upland sta- 
tions rated lowest, the semi-upland intermediate, and 


a species population. As 


others, sometimes were 


available to larvae underneath 


the lowland highest in all comparisons. 


TABLE 10. Comparison of station categories. 





Maximum 
Population 





Category Number of Per selected Emergence Number of 
Species square foot Period Generations 
Upland 12 75to 1,500 | June 15-Aug. 31 1 
Semi-Upland 13 250 to 6,000 | June 1-Aug. 31 1-2 
Lowland 17 2,500 to 15,000 | May 15-Sept. 30 1-4 


The large populations occurring in lowland streams 
tend to give a misleading 
importance is concerned, for in Alaska the species 
that develop in upland streams appear to be the ones 
most often recorded biting humans. This is discussed 
in detail in the section on Pest Species. 

The shorter season at Fairbanks likewise means a 
shorter emergence period and probably also accounts 
for the reduction in Except for the 
frequent occurrence of bicornis at the lowland sta- 
tions at Fairbanks and the absence of hirtipes and 
alpestre from the semi-upland stations, the general 
trends in the two areas were similar, though rapid 


impression so far as pest 


generations. 


development was perhaps most spectacular at the 
Fairbanks lake-outlet stations. 

Development was generally slower in the colder 
When more than one generation occurred in 
the subjected to the 

range usually developed more 


streams. 
the 
higher 

rapidly. 


same stream, veneration 


temperature 
GENERATIONS, HIBERNATION, AND OVIPOSITION 
Information concerning the premating and preovi- 
position periods, flight range and oviposition habits 
of the females and duration of the egg stage is lack- 
g, so the generation limits of a given population had 
to be determined mainly on the basis of the develop- 
ment and fluctuation of the larval and pupal popula- 
tions as determined from the weekly station examina- 
tions. At a few stations supplemental information 


ing 
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on adult emergence was available from emergence- 
trap collections. For multivoltine species such as 
renustum the term “brood” may be preferable in 
describing a population cycle at any one stream loca- 
tion. 

Most of the species had only a single annual gen- 
eration; others had one generation at some stream 
locations, but two or occasionally more at others in 
the same general area. This is to be expected of in- 
sects breeding in streams because the streams bring 
into a given area such a variety of conditions and also 
because considerable impoundage or fusion with bog 
drainage or spring water produce effects comparable 
to a change of 400 ft. in elevation. The most spectacu- 
lar example of this variety of conditions concentrated 
in a small geographic area concerned the stations on 
Otter Creek and station 272, all within an area having 
a radius of less than a mile and a range in elevation 
from 90-170 ft.; yet species belonging to upland, 
semi-upland and lowland habitats were found in that 
small area. 

In Figs. 2 to 7 arrows depict the approximate 
limits from the onset of hatching to the completion 
of emergence, a generation or “brood,” depending 
upon the species involved. For those species that 
overwinter in the larval stage the generations are 
shown as terminating the following season. In view 
of the limitations mentioned above, it is possible that 
errors have been made, especially if a species was not 
plentiful at a station but was present over a long 
period during which samples represented the same 
stage of larval development. At many stations this 
was true of onychodactylum. The fact that ten of 
the 28 stations affected by activities 
further obscured the picture. 

Although the development of the larval population 
of a species is mainly dependent upon temperature 
and food supply, total population density (composite 
of all species) also appeared to affect the duration 
of the larval period of any one species. This was 
particularly noticeable at 55A. After venustum larvae 
were first taken at this station (May 12), develop- 
ment was rapid and some pupae were found 2 weeks 
later. However, the number of venustum larvae in- 
creased during this time until the stones became com- 
pletely covered, and it appeared that development 
was retarded because of the crowding. Even so, 
some individuals did complete development in record 
time and, depending on the duration of the preovipo- 
sition and incubation periods, individuals may have 
been able to pass through several generations under 
optimum conditions before the end of the season, 
but not the species populations as a whole. 

From the information available regarding larval, 
pupal, and adult-emergence peaks, it is possible to 
make the following generalizations. In the Anchor- 
age and Fairbanks areas at upland and colder semi- 
upland stations each species produced only one gen- 
eration. S. vittatum, a semi-upland and lowland 
species, and decorum, a lowland species, normally 
produced two or more population cycles in the 
streams where they occurred. The following species 


were control 


Ecological Monographs 
“ sarge Je 


K. M. SuUMMERMAN, R, I. SAILER, AND C. O. EssELBAUGH Fa 8 he 


produced one or more population eyeles depending 
upon the type of habitat: C. arcticum, 
venustum, aureum, latipes, and 


saileri, S. 
tuberosum, 
The remaining species produced a single 


corbis, 
pugetense. 
generation so far as it is possible to determine from 
our data. Tables 11 and 12 summarize this informa- 
tion. 


TABLE 11. Number of population cycles of black 
flies at Anchorage Biology Stations. 





Station Number 





18D 





Species 
fulvum 1 
alpestre 1 

hirtipes. . . 1 jl 

1 
1 
1 


pugetense... 
onychodactylum 
bicornis.... 


pleurale 


arcticum . . 
corbis 


| 
| 
| 
| 
| 
| 
| 
| 
we 
| 
| 


saileri.. . 
tuberosum 


| 
| 
| 
| 
| 
| 
| 


venustum 


<) 
| 
| 
New eK we 


wo 


vittatum 
latipes 
aureum... 


Soe eK wnne = 


decorum... 


*Taken at downstream substation only. 


TABLE 12. Number of population cycles of black flies 
at Fairbanks Biology Stations. 





Station Number. .| 521 | 215 | 511 | 222 | 508 | 509 | 523 | 516 | 528 526 | 102 | 503 

Species 
holopticus 1 1 1 1 -|j- 
aichopticus....| — 1 -|- 
sommermanae.| — | — | — 
ursinum.... - 1 _ 
alpestre...... 1 1 l 
hirtipes...... 1 
emergens. . —-|- J 
bwornis.... -|j- 1 


~ 


tuberosum -i-|-|= 


Nowe = 


venustum = = de 
baffinense <-—f[—|[—i[—i-j-} i 


latipes... -|-|- 


| 
| 
a 


~ 


aureum = = 


| 
| 
| 
| 


decorum. .. —j—t—i=— 


| 
eK why = 


| 
| 
| 
| 


eremites... = i = 2g 


The information available concerning hibernation 
is based on larval collections only. From these data 
the following species are known to overwinter as 
larvae: fulvum, hirtipes, plewrale, pugetense, vitta- 
tum, and arcticum. There is no evidence that the 
following species do not overwinter in the egg stage: 
dichopticus, holopticus, alpestre, onychodactylum, 
travisi, ursinum, emergens, eremites, saileri, sommer- 
manae, corbis, decorum, tuberosum, venustum, aure- 
um, baffinense, bicornis, and latipes. The early ap- 
pearance of decemarticulatum, vittatum, and arcticum 
at certain stations where no overwintering larvae were 
found raises the possibility that these species may 
also overwinter as eggs. 
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Upland and semi-upland stations were occupied 
during the winter by larvae of fulvwm (upland only), 
At lowland sta- 
tions only larvae of vittatum and arcticum were found, 
and it appeared that vittatum might be restricted en- 
tirely to lake-outlet streams. 

Although vittatum and arcticum are known to have 


hirtipes, pleurale, and pugetense. 


overwintered as larvae in some streams, especially 
lowland lake-outlet streams, it may be that the adults 
emerging in late spring from these habitats oviposit 
in other favorable streams. In the case of arcticum, 
if this is true, then late summer adults produced at 
semi-upland stations must in turn oviposit in the low- 
land lake-outlet streams. If this is not the case, then 
the eggs must remain dormant during the summer, 
when the water is too warm for this species, because 
only one generation a year was produced at the low- 
land lake-outlet station, whereas two were produced 
at some of the semi-upland stations. 

The situation was different with vittatum. At all 
stations but one overwintering larvae were present in 
the fall, but at 55A and 59 an overwintered genera- 
tion was not present in the spring. Observations had 
been made early enough at these stations and the sta- 
tions were not involved with experimental insecticide 
work. What became of the overwintering population 
if one was present the previous fall and the source 
of the June population that occupied these stations 
remain unknown. 

The possibility of aestivation in the egg stage arises 
These 
species produced only one generation early in the 
season at the lowland lake-outlet stations, but pro- 
duced two generations at the warmer semi-upland sta- 
tions. Only one generation was produced at the 


for corbis and saileri, as well as arcticum. 


colder semi-upland stations. 

The observations regarding oviposition were limited 
to venustum and vittatum. These species deposited 
their eggs at the water line on stones or trailing vege- 
tation. The eggs were laid in strings, forming masses 
spread over the substratum. At station 59 eggs, 
sumably of decorum, were encrusted along the water 
line inside the culvert. On August 1 as dusk was ap- 
proaching, there were many adults flying around the 
culvert and darting inside. Unfortunately it was too 
dark inside to determine what was happening. This 
was the only time this station was visited in the late 


pre- 


afternoon, and also the only time adults were seen 
there in flight. 

The stations that were affected by control activities 
produced some evidence that the adults do not neces- 
sarily oviposit in their native habitat (“home- 
stream”). The populations of the earlier generations 
of venustum and pleurale at 276 and of vittatum and 
decorum at 18B were wiped out before development 
was completed; yet later populations of these species 
developed at their respective stations. Second genera- 
tions of tuberosum did not appear at 18, probably 
because the larvae were killed shortly after hatching. 
However, a population composed of vittatum and 
decorum became established August 10, and the tem- 
perature was still suitable for tuberosum. This sug- 
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gests that tuberosum eggs deposited after early Au- 
gust overwinter. This information further supports 
the belief that there ar more than two generations a 
vear for vittatum and decorum. It is possible that 
the spring generation of saileri and arcticum pro- 
duced at lowland lake-outlet streams may oviposit 
elsewhere. If that is so, it might help explain the 
early appearance of the second generation of saileri 
at the coldest semi-upland station (278) where it oe- 
curred. This does not appear to be the case with 
corbis, because it produced only one generation in the 
colder semi-upland streams where it occurred. 
EMERGENCE-TRAP COLLECTIONS 

The information obtained from the identification otf 
adult black flies captured in emergence traps sup- 
ported the following generalizations not evident from 
the data in Tables 13 to 16. The males of all species 


started emerging slightly before and completed 
emergence slightly ahead of the females. The sex 


TABLE 13. Number of black flies collected at Station 
55A emergence trap. 





venustum- 











Date tuberosum| vittatum | decorum | aureum 
June 29... 52 0 0 
ou. 33 0 1 
July 2 i am 0 0 
4, 94 | 0 0 
6. 74 0 0 
8 169 0 0 
10 160 0 0 
12 302 0 1 
|S, 2 pe 394 0 1 
‘|: nee 577 4 0 
Bs hess 524 2 0 
?. oe 366 7 0 
yi 278 5 0 
24.. yi 17 0 
ZO. 233 33 3 
2S. 107 18 0 
30 159 26 2 
Aug. 1 235 21 3 
3 214 17 5 
oe 153 17 5 
i. 154 ES 4 
9 242 1 9 
RE. 295 4 6 
13. 389 1 8 
1S: 558 3 9 
17 611 5 6 
19 485 Ss 2 
7, ae 625 42 0 
23 374 54 1 
25 487 107 1 
27 .. 342 103 0 
29 281 151 0 
31 156 84 0 
Sept. 2 62 39 0 
4.. (6) 36 0 
6. ; 19 11 0 
2 Oe 5 34 47 0 
(a 0 22 75 0 
1 1 45 24 0 
14. ; 0 24 6 0 
Se 0 4 1 0 
18 er 0 1 0 0 
Total. . 25 ,024 9 ,763 975 67 
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ratios approach 1:1, with the females slightly more TaBLE 15. Number of black flies collected at Station 
“ ; 2 emergence trap. 
numerous. Several gynandromorphs were found in 102 emergence trap 
the trap collections. i te 
> an ° . . . . | | Miscei- 
Because of the difficulty in distinguishing between Date minus | eremites | renustum | latipes | aureum | laneous 
venustum and tuberosum adults the data for these = ~——|— ‘a Seen EE et Gee 
: bi | } f ° June 7. | 78 | 0 0 } 0 0 2 
a Ge = "er oY > y | aroe ars > ae}. 
species were combine d where large numbers of speci § a) oT 9 0 | 9 
mens were involved. The following tables on emerg- 9 1 @ 7 ® 0 0 | 0 
ence supplement the larval-pupal information given 10 | 48 3 a i ae 
. 6 | 
in Figs. 6 and 7. - (Rea ees a4 CC | 
ees ca ahs 12 | oO | 384 as | 3 o | 4 
Table 13 shows the decline in emergence at the end 13 | o | 15 125 iis 
of the first generation of venustum at 55A. Larval 14 o | 5 149 0 | 0 | 0 
samples indicated that tuberosum was scarce there un- 18 | , ) » se a ae e- 
. . : . 16 0 0 3 0 | 0 0 
til the middle of August when maturing and mature a9 ee | . 4 0 | 0 | ‘ 
. . y, | = 
larvae composed about one-third of the total popula- 18 | 9 o | 4 abs ie Soe ae 
tion, and venustum was then definitely on the decline. 19 | 0 | an o }; 1 | 0 
2 > 9 | | 
Therefore the tuberosum-venustum emergence from ~ ew Bae : “ | ke | : 
; : 2 o |. w F ; ) 
July 8 to the latter part of August was probably al- ae oe a oe a (ee ae ee 
most entirely composed of second-generation venus- 23 ie f° |} & 0 or 7 
. . | | 
tum. The long period of hatching and slower devel- 24 6  . a ee Ee. ; 
opme entioned previously are reflected in the long bere < aa, a 
pment m 1] y are reflected g Total os ieee ia . or a 


period of emergence and probably account for the 3- 
week period of so-called peak emergence. 

Species succession as indicated in Tables 14 to 16 
was clear-cut and rapid, especially so at 102. As 
indicated in Fig. 7 the pupation of many species al- 
most simultaneously was followed immediately by a 
decline in the larval-pupal population which coin- 
cided with the rapid emergence of the adults. 


TABLE 14. Number of black flies collected at Station 
526 emergence trap. 

















venustum- | 

Date | tuberosum) bicornis | aureum | decorum | eremites 
June 18... 18 ee 0 | 0 
19... 7 S i-e@ 1 * 4 
20...| 24 0 0 | oO l 
S... oe 1 0 | O 1 
22...| 130 1 Sot se 1 
23...| 65 1 cot 0 
24...| 305 - fe £8 1 
25...| 79 4 | 0 | O 3 
ee eae ae ae 8 
mt oe | eo | 8 |} fh 6 
mi MS | @ | ot 1 
29.. 70 ae ao 0 
30. 71 ce ae) i 
July 1.. 52 2 1-9 0 |; 2 
2. 126 5 1 “ie eee 
‘.. 81 0 0 3 1 
4.. 70 1 0 1 2 
5...1 54 . 1 t= 
6...) 35 “io a. 0 1 
ne 32 oe 0 0 
ss 53 4 | 31 3 0 
Be ae Se 1 0 
Se wee ae 2 0 
vt ae ; ia 0 0 
Z...4 34 2 | 64 1 0 
ez 1 | 56 0 0 
14.. 13 ; i @ 3 0 
iB. . — - | = _ 
16.. 10 1 33 0 0 
oe ae 0 - i 0 
18-19...| 27 0 67 2 0 
26...) 14 0 | & 1 0 
Total...| 2,014 53 468 26 | 38 





TABLE 16. Number of black flies collected at Station 
503 emergence trap. 




















Date | tuberosum| decorum | venustum | aureum 
June 14... 2 0 0 0 
15 eo. Bt a se. eS 
en huh =. a ee ee ee 
iy... . a ee ee 
_ Ree 13 | 1 0 0 
eee x i aoe | 
eee ae ae. . 0 
aes | i | o 0 
22. 1 4 | 0 0 
ae : 2 © 1 0 
Bea } — | = — ~ 
a ae | 3 8 0 
26 0 17 28 0 
Neale 0 | 49 23 1 
See 0 12 13 1 
Be ily cv | 0 | 18 2 0 
eee i Po 4 1 
July eer 0 27 5 2 
Diss, 0 | 15 20 22 
3. 0 | 1 3 44 
4.. 0 | 2 3 50 
Rec, axed ,- | a 2 3 
pm, 0 | Z 6 Z 
eae | 0 | 1 | 1 0 

| | | 
Total 92 | 180 } 119 126 
| ' 
NATURAL ENEMIES 
A few natural enemies of black flies were en- 


countered, representing several groups of organisms. 
They are discussed in their apparent order of im- 
portance as determined by frequency of oecurrence. 

Diseased larvae containing protozoans in the body 
cavity were most noticeable during and immediately 
following pupation of a species population. The dis- 
eased larvae in general were larger than normal 
mature larvae of the same species but either lacked 
imaginal buds or possessed only poorly developed 


ones. Some larvae appeared to be filled with small 
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white globules, and others had white masses under the 
integument that made the body appear bumpy. Dis- 
eased larvae, if present at all, seemed prevalent dur- 
ing or after pupation of normal larvae. Pupation of 
the normal larvae left a conspicuous residue of ab- 
normally large larvae all of which were diseased, but 
it is doubtful if more than a small percentage of the 
population of any species was infected. The follow- 
ing species were found infected: G. holopticus; P. 
alpestre, hirtipes, onychodactylum; C. 
vittatum, arcticum, corbis, decorum, malyschevi, tu- 


eremites; S. 
berosum, venustum, aureum, bicornis, latipes, and 
pugetense. 

Larvae infested with nematodes of the genus Lim- 
nomermis were oceasionally found in rather large 
numbers. These nematodes could be readily detected 
in medium to large larvae, usually coiled in the abdo- 
men but sometimes extending up into the thoracic 
cavity. Unlike the protozoans, these nematodes oc- 
casionally infested a large percentage of the popula- 
tion of a given species, and might be host specific. 
Sometimes only one species at a station would be in- 
fested although other species of larvae were present. 
It is possible that the larvae of the infested species 
happened to be at a more vulnerable stage when the 
young nematodes were in quest of a host. On May 20 
at 18C, 65 % of the tuberosum larvae, estimated at 
1,500 per sq. ft., were parasitized. During these in- 
vestigations the following species were found in- 
fested: G. dichopticus, holopticus; P. alpestre, hir- 
tipes, ursinum; S. areticum, malyschevi, tuberosum, 
and bicornis. 

On the first visit to 18A, on May 11, a white diato- 
maceous mat was noticed on some rocks. The diatoms 
helonged to the genera Synedra and Cymbella. The 
growth appeared to progress steadily upstream, and 
by June 29 a mat about 4 in. thick covered much of 
ISB and extended a short distance above the study 
location. This situation at 18A was apparently detri- 
mental to the black fly larvae, because few were found 
and many of these were dead and imbedded in the 
mat. 

At Otter Creek (18) and at 503 on Clear Creek 
near Fairbanks a thick algal growth eventually 
covered the substratum. At 503 it became noticeable 
about the time there was a distinct downward trend 
in the larval population with dead larvae being found. 
It would seem likely that the algal growth could be a 
physical handicap to the larvae. This growth ap- 
peared at Otter Creek after the accidental treatment 
of the area with insecticide, but it introduces another 
possible explanation for the inability of a popula- 
tion to become established there until August 10. By 
August 3 the algal growth was turning brown and 
starting to break up into clots. Occasionally adult 
black flies infested with mites were captured. 


BiONOMICS AND DISTRIBUTION OF ALASKAN SPECIES 

The following information on life histories is sum- 
marized from observations made at the biology sta- 
tions near Anchorage and Fairbanks. Additional 
information from the highway stations is treated in 
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a separate paragraph. This is followed by the data 
on species distribution, which the combined 
records based on larvae, pupae or reared adults col- 
lected from all stations. Distribution records based 
on field-collected adults are not included but were 
treated in the paper by Stone (1952). The number 
of localities is given in parentheses with the distribu- 
tion limits expressed in terms of milepost (mp.) 
readings for each highway. For location of high- 
ways see Fig. 1. Loealities on small side roads are 
referred to only as Anchorage or Fairbanks, because 
complete information is given in the section on 
Biology Stations, but the biology stations on the 
main highways are included in the highway distribu- 
tion records. Species association, referred to through- 
out this section, is presented in more detail in Fig. 8. 
The habitat distribution of the species of Alaskan 
black flies is indicated in Table 17. 


are 


GYMNOPAIS 

Two species of Gymnopais are known from Alaska. 
The immature forms differ from all other known black 
flies in that the larvae lack mouth fans, the pupal 
“case” consists of a tiny patch of silk adhered to the 
rock, and the abdomens of female pupae are often 
greatly distended with eggs. These species are limit- 
ed almost entirely to cold, fast, upland streams. 
There is one generation a year, emergence occurring 
in August and early September, and winter is proba- 
bly passed in the egg stage. Adults are not attracted 
to humans. 

Gymnopais dichopticus Stone—This species occur- 
red at one upland biology station near Fairbanks. 
Larvae and pupae were taken from stones, chiefly 
from the undersides of ones. The ap- 
parently started hatching sometime between June 2 
and 8, when the stream temperature was between 38° 
and 40°F. Mature larvae and also pupae were first 
taken on July 28. Larval development required at 
least eight weeks and pupal development three or 
four weeks, with emergence starting about the middle 
of August and terminating about mid-September. 

This species was taken between late June and early 
September from 46 highway stations, ranging from 1- 
25 ft. wide, 1-18 in. deep, with speeds from 1-7 ft. 
per see. to tumbling. It was taken most often at 
localities that produced P. alpestre and hirtipes, but 
was actually taken most often in association with 
alpestre and G. holopticus. 

Distribution: CHITINA ROAD, mp. (milepost) 
4.7; ELLIOTT HIGHWAY (11), mp. 24.6 to 67.8; 
GLENN HIGHWAY, mp. 117.1; NABESNA ROAD 
(4), mp. 18.3 to 96 +; RICHARDSON HIGHWAY 
(7), mp. 178.7 to 241.3; SLANA-TOK ROAD (4), 
mp. 14.4 to 57.0; STEESE HIGHWAY (16), mp. 
19.1 to 135.2; WILLOW ROAD (3), mp. 20.4 to 21.5. 

Gymnopais holopticus Stone—This species oceur- 
red at four upland biology stations near Fairbanks. 
The stations ranged from 1.5-2.5 ft. in width, 3-5 in. 
in depth, with a speed of 2.5 ft. per second. Larvae 
and pupae were taken from stones, chiefly from the 
undersides of loose ones. In general hatching started 
the first week of June, when the stream temperatures 
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were 38° and 39°F. (At station 511 where ice 
covered the bottom of the stream as late as May 25, 
hatching did not occur until the last week of June, 
when the temperature had again dropped to 37.5°F.) 
The maximum stream temperatures attained during 
larval development were between 40° and 42°F. In 
general the first mature larvae were taken the last 
week of July, but at 511 they did not appear until 
the last week of August. Pupae were first taken the 
last week of July and the first week of August, but at 
the retarded station they did not appear until Sep- 
tember 8. Diseased larvae became conspicuous the 
first half of September. Usually larval develop- 
ment required eight or nine weeks and pupal develop- 
ment perhaps three to five weeks. Emergence oc- 
curred from the second week of August to the middle 
of September. 

This species was taken from late June to early 
September from 17 highway stations, ranging from 
1-30 ft. wide, 1.5-10 in. deep, with speeds from 2-4 
ft. per second to tumbling. It was most often taken at 
localities that produced P. alpestre and hirtipes, but 
was actually most often directly associated with al- 
pestre and G. dichopticus. 

Distribution: ELLIOTT HIGHWAY, mp. 42.2 
and 67.8; NABESNA ROAD (3), mp. 50.8 to 53.5; 
RICHARDSON HIGHWAY, mp. 228.3; SLANA- 
TOK ROAD, mp. 10.9; STEESE HIGHWAY (14), 
mp. 15.2 to 128.9. 

PROSIMULIUM 

Eleven species of Prosimulium are known to occur 
in Alaska, but biological information is lacking for 
dicum, and adults of spp. X and # are unknown. The 
pupal cases consist of a nondescript mass of threads, 
only two species having cases easily distinguished with 
the naked eye—onychodactylum, which often has sand 
grains and pebbles attached, and alpestre, which has 
cases of a rubbery texture. The species of this genus 
are typically found in upland and_ semi-upland 
streams, but decemarticulatum (if our association of 
larval material is correct) develops in lowland 
streams. They all have one generation a year except 
perhaps onychodactylum, which may sometimes have 
two. Some species overwinter as larvae and others 
probably as eggs. Only two species are known to 
bite humans, fulcvum and hirtipes. 

Prosimulium alpestre D., R., & V.—This species oc- 
curred at 12 upland and semi-upland biology stations 
at Anchorage and Fairbanks. The stations ranged 
from 1.5-25 ft. in width, 3-24 in. in depth, with speeds 
of 2.5-5 ft. per sec. There is only one generation a 
year, and winter is probably passed in the egg stage. 

In general both larvae and pupae preferred sub- 
merged branches (those resisting the current), or 
sticks or poles, but they also frequently attached to 
stones. The pupal cases are of elastic consistency 
and are often congregated in the crotches of sub- 
merged branches, forming rubbery masses. Apparent- 
ly submerged branches are a requirement of this 
species, especially in deep water. 

There is some question concerning this species con- 
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cept. In some streams the population present in the 
later part of the season was composed of maturing 
and mature individuals that were smaller than those 
present earlier. Also, they generally preferred stones 
for both larval and pupal habitat. This was especial- 
ly noticeable at 156. This might be the result of 
development under less favorable conditions—.e., a 
declining temperature and perhaps also food supply. 
We treat the two forms as a single species, since 
there seems to be both morphological and habitat in- 
tergradation. 

At both Anchorage and Fairbanks hatching started 
from the third week of May until the third week of 
June, when the stream temperatures ranged from 35° 
to 47°F. In Big Peters Creek, a glacial stream near 
Anchorage, hatching must have begun early in May; 
and at 511, an upland Fairbanks station, where ice 
covered the bottom of the stream as late as May 25, 
hatching probably did not occur until early in July. 
In general the first mature larvae were collected early 
in August and diseased larvae were frequently taken 
thereafter. One larva from 207 was parasitized by a 
nematode. In the Anchorage area pupae were first 
taken during the first half of August, and in Fair- 
banks during the last half or not until early Septem- 
ber, if taken at all. During occupation by alpestre, 
the maximum stream temperatures ranged from 
39.5° to 54°F. Larval development usually required 
about 10 to 12 weeks, but it appears to have been 
completed in seven to eight weeks in two of the Anchcr- 
age stations. Pupal development required one or two 
weeks in Anchorage and possibly three or more at 
Fairbanks. Generally adults emerged from the mid- 
dle of August to the middle of September. 

This species was taken from late May to early 
September from 138 highway stations, ranging from 
1-80 ft. wide (one maturing larva and one pupa were 
taken from a stream 240 ft. wide), one in. to 4 ft. 
deep, with speeds from 2-10 ft. per sec. to tumbling. 
It was most often taken at localities that produced P. 
hirtipes and onychodactylum, but was actually taken 
most often in association with Gymnopais and SN. 
tuberosum. 

Distribution: ALCAN HIGHWAY (5), mp. 1302.5 
to 1395.1; ANCHORAGE (5); CHITINA ROAD 
(4), mp. 3.7 to 12.7; ELLIOTT HIGHWAY (9), 
mp. 13.2 to 46.1; GLENN HIGHWAY (14), mp. 
20.0 to 186.0; MINERAL CREEK ROAD (northwest 
of Valdez), mp. 5; NEBESNA ROAD (9), mp. 
36.0 to 96+; RICHARDSON HIGHWAY (32), 
mp. 8.3 to 297.3; SLANA-TOK ROAD (7), mp. 3.5 
to 57.0; STEESE HIGHWAY (37), mp. 15.2 to 
128.9; WILLOW ROAD (26), mp. 9.0 to 50.3. 

Prosimulium (Twinn)—A 
and a female of this species were taken from the 


decemarticulatum male 
emergence trap at Fairbanks biology station 102 on 
June 7. A mature and a maturing larva of Prosimu- 
lium sp. were taken from biology station 523 on June 
15. The mature larva has nine pupal filaments and 
for that reason it is thought these may be the larvae 


of this species. They were both lowland stations, 2 
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and 10 ft. wide, 4 and 9 in. deep, with speeds of less 
than 1-2 ft. per see. One other mature larva was 
taken on May 27 from NABESNA ROAD, milepost 
18.3, from a small stream 3 ft. wide, 6 in. deep, with 
a speed of 2 ft. per second. 

If these larvae are correctly associated with the 
adults, this is an early emerging species and probably 
develops rapidly in the spring, since larvae were not 
taken on earlier visits at the first two stations and 
were not found in the fall. But if this species does 
overwinter in the larval stage, then it is the only 
species of Prosimulium known to do so in lowland 
streams. 

Prosimulium dicum D. & S.—This species is known 
to occur in Alaska but was not taken by members of 
the 1948 Alaska Insect Project. 

Prosimulium  fulvum  (Coq.)—This 
taken from two tumbling, cold upland biology sta- 
tions near Anchorage. They were 3 and 4 ft. wide, 
4 in. deep, with speeds of 3 and 4 ft. per see. between 
the falls. There is only one generation a year, and 
winter is passed in the larval stage. 

The undersides of loose stones seemed to be the 
preferred larval habitat. The grown larvae are light 
and large. The few pupae taken were found at the 
edge of, or actually in, the moss on large moss-covered 
rocks. Since both these streams contained large moss- 
covered roots and nonmovable moss-covered rocks, it 
is quite possible that many pupae were unnoticed. 

At one locality hatching started the fourth week of 
August and at the other not until the second week of 
October. The stream temperatures were 41° and 
35°F, respectively. Rather large medium larvae 
overwintered, the histoblasts not becoming visible to 
the naked eye until the following spring. Mature 
larvae were first taken during the first half of May, 
but pupae were not taken until the first two days of 
June. During occupation by this species the maxi- 
mum stream temperatures were 43° and 44°F. Larval 
development required eight or nine months and pupal 
development perhaps two or three weeks, with adults 
emerging during the latter half of June. P. fulvum 
feeds on humans and ean be very troublesome. 

Small and medium larvae were taken from one high- 
way station on September 7. The stream was about 
2 ft. wide and a foot deep when not tumbling. P. 
fulvum would most likely be taken at localities that 
produce hirtipes, especially upland tumbling streams, 
and probably is also most often in association with 


species was 


hirtipes. 

Distribution: ANCHORAGE (2); RICHARDSON 
HIGHWAY, mp. 188.7. This species is probably 
widespread in the mountainous regions, where there 
are clear, tumbling streams fluctuating only slightly 
in depth and containing moss-covered rocks and roots. 
It was overlooked on the May highway survey proba- 
bly because of the secluded pupal habitat. The late 
August-early September trip may have been a little 
too early for hatching of the overwintering genera- 
tion, or if not, then the tiny larvae might easily have 
been overlooked. 

Prosimulium hirtipes (Fries) —This species occur- 
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red at 14 upland and semi-upland biology stations at 
Anchorage and Fairbanks. The stations ranged from 
1.5-25 ft. in width, 2-24 in. in depth, with speeds of 
2.5-3.5 ft. per second. There is only one generation 
a year, and winter is passed in the larval stage. 

The deflecting surfaces of stones (including the 
under surfaces of loose stones) were the preferred 
larval habitat, trailing branches, leaves, vegetation, 
and submerged wood being utilized to a lesser extent. 
In the deep streams larvae and pupae were taken 
from submerged poles, branches, and large boulders 
near the surface. In general the pupae seemed to 
prefer the under surfaces of stones, especially the 
depressions and nicks. 

At both Anchorage and Fairbanks hatching started 
from about the last week of August to the middle of 
September, when the stream temperatures ranged 
from 35.5° to 44°F. There was a tendency for the 
overwintering population to appear earlier in streams 
where the parent population disappeared earlier dur- 
ing the summer. In the Anchorage area mature 
larvae were first taken from the semi-upland stations 
in the middle of May and pupae the last week of 
May, but in the upland streams development was re- 
tarded by about two weeks. At Fairbanks they were 
found only in upland streams, and mature Jarvae and 
pupae were first taken from the middle of June to the 
middle of July. One larva from 207 was parasitized 
by a nematode, and diseased larvae were recorded 
from 521 and 150. During occupation by hirtipes 
the maximum stream temperatures ranged from 40° 
to 57°F. Larval development usually required about 
nine months and pupal development probably from 
two to three weeks. Adults emerged from the middle 
of June through July, with the emergence peak occur- 
ring during the latter part of June. The adults feed 
upon humans and ean be very troublesome, especially 
in the fall. 

This species was taken from late May to early 
September from 87 highway stations, ranging from 
1-60 ft. wide, 1-18 in. deep, with speeds from 2-6 ft. 
per second to tumbling. It was most often taken at 
localities that produced P. alpestre and P. onychodac- 
tylum, but was actually taken in association most 
often with P. alpestre and Gymnopais. 

Distribution: ALCAN HIGHWAY, mp. 1350.0; 
ANCHORAGE (8); CHITINA ROAD (3), mp. 3.7 
to 12.7; ELLIOTT HIGHWAY (4), mp. 0.3 to 31.5; 
GLENN HIGHWAY (6), mp. 20.0 to 137.5; NA- 
BESNA ROAD (7), mp. 50.8 to 96 +; RICHARD- 
SON HIGHWAY (29), mp. 8.3 to 241.3; SLANA- 
TOK ROAD (5), mp. 10.9 to 39.0; STEESE HIGH- 
WAY (29), mp. 16.2 to 145.2; WILLOW ROAD 
(8), mp. 12.5 to 33.0. 

Prosimulium onychodactylum D. & S.—This species 
occurred at 11 upland and semi-upland biology sta- 
tions near Anchorage. The stations ranged from 3-25 
ft. in width, 2 in. to 2.5 ft. in depth, with usual speeds 
of 2.5-4.5 ft. per second. In general there is proba- 
bly only one generation a year, winter presumably 
being passed in the stage. However, pupae 
were taken at only four of the 11 stations and many 
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of the larval collections were sparse and spasmodic, 
and were represented by medium, maturing, or ma- 
ture specimens taken over a considerable period of 
time. These collections helped little to determine 
generation limits if more than one generation were 
represented. If one assumes all these larvae to be 
of one generation, then an erratic picture results 
showing no trends except that hatching must some- 
times start when the temperature is a degree or two 
above freezing. 

The larvae were taken from trailing grass stems 
and submerged sticks, rocks, and branches. The pupae 
seemed limited to sandy areas, where they attached 
their sandy and pebbly cases to logs or loose stones, 
usually at the line of contact with the sand. This 
species can be recognized quickly in the field even if 
the sand composing the cases is not conspicuous, be- 
cause the numerous pupal respiratory filaments arise 
from two main corrugated stumps. : 

Hatching appears to have started from the latter 
part of Apri! and continued until the middle of June. 
Stream temperature at hatching might have been as 
low as 33° or as high as 48°F. Judging from the 
constant size of the larvae, hatching must have con- 
tinued over a long period at most of the stations. 
Mature larvae were first taken the middle of May in 
the warmer streams but not until about the middle of 
June in the colder ones. Diseased larvae were present 
at station 281 the first and second weeks of June, and 
they usually became conspicuous only when pupation 
of a population was well under way. The first pupae 
probably occurred early in June in the warmer 
streams and during July in the colder ones. During 
occupation by onychodactylum the maximum stream 
temperatures ranged from 43° to 57°F. Larval de- 
velopment probably required about six to eight weeks ; 
data are too fragmentary even to guess the duration 
of the pupal stage. Emergence occurred during June, 
July, and August. 

This species was taken from late May to early 
September from 48 highway stations, ranging from 
1-50 ft. wide, an inch to 4 ft. deep, with speeds from 
2.5-8 ft. per second to tumbling. It was taken most 
often at localities that produced alpestre and hirtipes, 


and was likewise associated most often with these 
species. 
Distribution: ANCHORAGE (8); CHITINA 


ROAD, mp. 4.7 and 9.6; GLENN HIGHWAY (4), 
mp. 20.0 to 91.4; NABESNA ROAD (3), mp. 53.5 
to 91.0; RICHARDSON HIGHWAY (15), mp. 8.3 
to 198.7; SLANA-TOK ROAD (3), mp. 3.5 to 21.4; 
STEESE HIGHWAY (9), mp. 40 + to 128.9; WIL- 
LOW ROAD (15), mp. 9.0 to 32.3. 

Prosimulium pleurale Mall.—This species occurred 
at five semi-upland biology stations at Anchorage. 
The stations ranged from 4-12 ft. wide, 2-18 in. deep, 
with usual speeds from 2.5-4.5 ft. per second. There 
is only one generation a year, and winter is passed in 
the larval stage. 

The larvae preferred submerged trailing 
branches. Only a few pupae were collected, probably 
from submerged branches or stones. 
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Hatching started from the middle of August to the 
first week of October when the stream temperatures 
were between 49° and 36°F. Medium larvae over- 
wintered. Mature larvae were probably present in 
late May, because pupae were taken as early as the 
first week of June. During occupation by this species 
the maximum stream temperatures ranged from 46° 
to 49°F. Larval development required eight or nine 
months. The time required for pupal development 
could not be determined. 

This species was taken from late May to early Sep- 
tember from 18 highway stations, ranging from 3-200 
ft. wide, 2-18 in. deep, with speeds from 4-7 ft. per 
second. During late August and early September 
large numbers of very small larvae of the overwinter- 
ing generation were taken, and in late May and June 
mature larvae and pupae were collected. 

Distribution: ANCHORAGE (4); GLENN HIGH- 
WAY (5), mp. 18.6 to 1387.5; NABESNA ROAD, mp. 
36.0 and 45.8; RICHARDSON HIGHWAY (6), mp. 
47.8 to 325.4; STEESE HIGHWAY (6), mp. 40 + 
to 94.2. 

Prosimulium Stone—Only maturing 
specimen of this species was taken from a_ biology 
station (substation 270B at Anchorage) on Septem- 
ber 13. 

It was taken from five highway stations between 
the middle of July and the end of September, ranging 
from about 6 in. to 2 ft. wide, one inch to a foot deep, 
with speeds of about 3 ft. per sec. Most of the 
streams were too shallow to use the stream speed in- 
dicator. Apparently this species has one generation 
a year, the eggs hatching perhaps in June with adults 
emerging perhaps from late August through Septem- 
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ber. 

Distribution: ANCHORAGE (1); EKLUTNA 
LAKE ROAD (near Anchorage, off Glenn Highway), 
mp. 10.0 (small trickle parallel to road); PIONEER 
ROAD (in Anchorage area) (2) first stream crossed 
on way to Ski Bowl and a small trickle parallel to 
the road shortly beyond; RICHARDSON HIGH- 
WAY, mp. 17; WILLOW ROAD, mp. 28.4. 

Prosimulium ursinum (Kdw.)—This species oceur- 
red at two upland biology stations near Fairbanks. 
The stations were 1.5 ft. wide, 3 in. deep, with a speed 
of 2.5 ft. per second. There is only one generation 
a year, and winter is probably passed in the egg stage. 

The larvae and pupae of this spaces probably pre- 
ferred stones for attachment, since one of the stations 
possessed a minimum of vegetation or branches. Both 
mature larvae and pupae are quite large. 

Hatching probably occurred about the middle of 
June, when the stream temperatures were between 
39° and 41°F, since medium larvae were taken at 
the end of June. Mature larvae were collected early 
in August, and pupae were taken the latter half of 
the month. During occupation: by this species the 
maximum stream temperatures ranged from 39.5° 
to 42°F. Larval development might have required 
eight or nine weeks. The length of the pupal period 
could not be determined. The adults emerged during 
the latter half of August. 
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This species was taken from late June to early 
September from 32 highway stations, ranging from 
1-30 ft. wide, 1.5-18 in. deep, with speeds from 2-5 ft. 
per second to tumbling. Some larvae were parasitized 
by a nematode; one had a midge exuviae extruding 
from the anus and another a small black fly larva 
protruding from the mouth. 


Distribution: ALCAN HIGHWAY (3), mp. 1272.8 
9 


to 1375.2; CHITINA ROAD, mp. 5.2; ELLIOTT 
HIGHWAY (5), mp. 62.3 to 135.2; NABESNA 
ROAD (3), mp. 50.8 to 96+; RICHARDSON 


HIGHWAY (6), mp. 23.0 to 292.1; SLANA-TOK 
ROAD, mp. 14.4 and 57.0; STEESKE HIGHWAY 
(12), mp. 16.2 to 145.2; WILLOW ROAD, mp. 20.4 
and 22.1. 

Prosimulium sp. X—Twelve mature larvae and 12 
associated pupae of this species were taken from two 
highway stations on August 31 and September 1. 
These stations were 12 and 20 ft. wide, 18 in. deep, 
with an estimated stream speed of 4-5 ft. per second. 
There is probably one generation a year, with adults 
emerging about September. It is probably not a 
large species because mature (preserved) larvae are 
only about 5.5 mm long. 

Distribution: ALCAN HIGHWAY, mp. 
RICHARDSON HIGHWAY, mp. 297.3. 

Prosimulium sp. #—This species was taken only 
in the larval stage and from five highway stations. 
It was found for the most part in milky streams 
(some known to be glacial) 6-60 ft. wide, 4-14 in. 
deep, with speeds from 3-6 ft. per second. Medium 
and maturing larvae (one diseased) were taken from 
late June until early September, mostly from sub- 
merged poles and branches. They are difficult to see, 
because the body is almost transparent and only the 
This species probably 


1363.3 ; 


head capsules are opaque. 
has one generation a year, with eggs hatching in early 
June and adults emerging in August or September. 

Distribution: ALCAN HIGHWAY, mp. 1377.5; 
ELLIOTT HIGHWAY, mp. 46.1; GLENN HIGH- 
WAY, mp. 12.0 (Eagle River), 91.5, and 137.5, 

CNEPHIA 

Six species of Cnephia are known to occur in 
Alaska, but biological information is lacking for 
minus and mutata. This seems to somewhat 
heterogeneous group in several respects. Some species 


be a 


have pupal cases resembling those of Prosimulium and 
others have slipper-shaped cases like those of Simu- 
lium but with definite collars. The various species 
are present in upland, semi-upland, and lowland 


streams. They all have one generation a year except 
saileri, which usually has two. All four species 


probably overwinter in the egg stage. None is known 
to annoy humans. 

Cnephia emergens Stone—This species occurred in 
seven upland, semi-upland, and lowland biology sta- 
tions near Fairbanks. The stations ranged from 1.5- 
10 ft. wide, 2-9 in. deep, with speeds of 2 and 2.5 ft. 
per second. There is only one generation a year, and 
winter is likely passed in the egg stage. 

Definite information concerning habitat is lacking, 
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but at four stations the various species of larvae 
present on the dates emergens was taken were collected 
from rocks, sticks, and vegetation. 

Hatching probably started during the latter part 
of May at the lowland stations, occurred progressive- 
ly later at the semi-upland stations, and not until late 
June at the upland localities. The stream tempera- 
tures ranged from 37.5° to 46°F when hatching com- 
menced. At 503, the warmest lowland station, for 
some unknown reason hatching apparently did not 
occur until early in June, when the stream had al- 
ready warmed to 52°F and then larval and pupal de- 
Exeept at 503, where mature 
larvae and pupae were not taken until late June, 
mature larvae were first taken the first week of June 
in the lowland streams, in the latter part of June in 
the semi-upland, and not until early August at the 
upland stations. Pupae were present by the second 
week of June in the lowland stations, later in the 
semi-upland, and probably not until about mid-Au- 
During occupation by 


velopment were rapid. 


gust in the upland stations. 
this species the maximum stream temperatures ranged 
from 42° to 67°F. Larval development probably 
was completed in as little as three weeks at 503 but 
growth was slower at colder streams and as much 
as seven weeks were required at upland stations. 
Information concerning pupal development is lack- 
ing. Emergence must have oceurred from the latter 
part of June until about the middle of August de- 
pending upon the type of habitat. 

Small to mature larvae (no pupae) of emergens 
were taken from late May to late July from 17 high- 
way stations, ranging from 1.5-18 ft. wide, 1-12 in. 
deep, with speeds from 2-3 ft. per see. This species 
was most often taken at localities producing 8S. 
Because these two species are 
stone-inhabiting it is possible that emergens prefers 


hi- 


cornis and tuberosum, 


stones also. 

Distribution: ALCAN HIGHWAY, mp. 1375.2; 
ELLIOTT HIGHWAY (6), mp. 1.2 to 66.4; FAIR- 
BANKS (2); GLENN HIGHWAY, mp. 154.0; NA- 
BESNA ROAD, mp. 18.3 and 96 +; RICHARDSON 
HIGHWAY, mp. 92.2 and 357.8; STEESE HIGH- 
WAY (10), mp. 8.3 to 158.0. 

Cnephia enemites Shewell—This species occurred 
in two lowland biology stations near Fairbanks. The 
stations were two and two and a half ft. wide, 4-6 in. 
deep, with stream speeds of less than 1-2.5 ft. per 
second. There is only one generation a year, in early 
summer, and winter is probably passed in the egg 
stage. 

Vegetation was the preferred habitat, but larvae 
and pupae were also found on bark and sticks. The 
pupal cases are like those of Prosimulium and were 
found in masses of several layers. 

Hatching probably commenced about the last third 
of May when the water temperature was hetween 
44° and 49°F. Mature larvae were first taken on 
June 3 in the warmer stream, and pupae were present 
5, but in the colder stream mature 
Dis- 


as early as June 
larvae and pupae were first taken on June 23. 











376 


eased larvae were found toward the end of the de- 


velopmental period. Larval development probably 
required two to three weeks and pupal development 
perhaps as little as five or six days. During occupa- 
tion by this species the maximum temperatures of the 
two streams were 61° and 70°F. At the warmer 
station emergence occurred between June 10 and 14 
and at the colder during the latter half of June. 

C. eremites was taken from late May to late July 
from six highway stations, ranging from 3-30 ft. wide, 
1.5-14 in. deep, with speeds from 2-5 ft. per see. 

Distribution: ELLIOTT HIGHWAY (4), mp. 
13.2 to 46.1; FAIRBANKS (2); GLENN HIGH- 
WAY, mp. 135.2; NABESNA ROAD, mp. 18.3. 

Cnephia minus (D. & S.)—Only adults of this 
species were taken, from the emergence trap at biolo- 
gy station 102 near Fairbanks. This station was on 
a lowland lake-outlet stream about two feet wide 
and four inches deep, with a speed of less than one 
foot per second. There is presumably but one genera- 
tion during late spring, and the immature forms 
must be rather small. 

Vegetation and sticks might well be the preferred 
substrate, since stones were extremely scarce at this 
habitat. The trap was installed on June 6, when 
emergence of this species had already reached its peak 
and was on the decline. The last adults were taken 
on June 11. 

Cnephia mutata (Mall.)—This species is known to 
oceur in Alaska but was not taken by members of the 
1948 Alaska Insect Project. 

Cnephia saileri Stone—This species was taken from 
four semi-upland and lowland biology stations in the 
Anchorage area. The stations ranged from 6-10 ft. 
wide, 6-18 in. deep, with speeds from 3.5-4.5 ft. per 
sec. These were two generations a year at the semi- 
upland stations but only one at the warm lowland 
station before the water became too warm. Winter 
is very likely passed in the egg stage. 

Submerged branches, wood, and trailing vegetation 
were the preferred substrate of larvae and pupae. 
The pupal cases are distinctive and can be recognized 
with the naked eye easily because they are boot- 
shaped, like those of Simulium, with a broad collar at 
the anterior end. 

Eges of the first generation apparently started 
hatching in the lowland stream early in May and at 
the semi-upland stations in the latter half of May, 
when the stream temperatures were in the neighbor- 
hood of 45°F. Mature larvae were probably first 
present in the lowland stream by the middle of May 
and were first taken in the semi-upland stream the 
middle two weeks of June. Larval development 
probably required as little as three weeks at the low- 
land station 2nd five weeks at the semi-upland. Pupal 
development required about a week. During oceupa- 
tion by this first generation the maximum stream 
temperatures ranged from 50° to 62°F. Emergence 
was rapid, being completed in about a week, from the 
last few days of May to the first few days of June at 
the lowland station and almost a month later at the 
semi-upland stations. 
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A second generation did not oceur at the warm 
lowland station. Perhaps the adults did not oviposit 
in their home-stream, or, if they did, the eggs may not 
hatch until the temperature descends below 45°F and 
then warms up again. There is a question concern- 
ing the source of at least part of the second genera- 
tion, for it started hatching earliest in the coldest 
stream, there being almost no time elapse between 
the two generations. If the adults that emerged 
earlier from lowland streams oviposited in semi-up- 
land streams, their eggs could account for at least 
the early part of this second generation. 

However, a second generation started hatching in 
the semi-upland streams from the first to the third 
week of July, when the temperatures had dropped 
again and were between 46° and 49°F. Mature larvae 
and pupae first appeared the middle and latter part 
of August. Again larval development required about 
5 weeks. During occupation by this second genera- 
tion the maximum stream temperatures wiaiinia from 
49° to 52°F. By the fourth week of August all the 
stream temperatures had dropped to 42°F and it is 
doubtful that much development took place after this 
hecause only stray medium and maturing larvae were 
found. This gives a false impression of the genera- 
tion limits at station 281 in particular. 


Larvae and pupae were taken from late May to 
early September from 31 highway stations, ranging 
A aes 9 


from 1.5-240 ft. wide, two in. to 4 ft. deep, with 
speeds from 3-10 ft. per second. It was most often 
taken at localities that produced P. alpestre and S. 
tuberosum, but was developing in actual association 
most often with S. corbis and tuberosum. 

Distribution: ALCAN HIGHWAY (4), mp. 1350.0 
to 1395.1; ANCHORAGE (3); ELLIOTT HIGH- 
WAY (3), mp. 18.8 to 76.5; GLENN HIGHWAY 
(5), mp. 16.0 to 147.2; NABESNA ROAD (3), mp. 
36.0 to 96 +; RICHARDSON HIGHWAY (9), mp. 
26.0 to 325.4; STEESE HIGHWAY (6), mp. 34.6 
to 139.1; WILLOW ROAD, mp. 25.0 and 32.3. 

Cnephia sommermanae Stone—This species was 
taken at one upland biology station (222) near Fair- 
banks. It was a small cold stream and at the study 
area was 1.5-2.5 ft. wide, 3 in. deep, with a usual 
speed of 2.75 ft. per see. There is only one genera- 
tion a year, and winter is probably passed in the egg 
stage. 

Specific habitat information was not available, but 
both rocks and trailing vegetation were abundant at 
this station. The pupal cases are boot-shaped. This 
species can be recognized easily with the naked eve 
the respiratory filaments antlerlike. 
Hatching must have occurred in early June, when the 
temperature was about 39°F, because small larvae 
were first taken about the middle of June. The first 
mature larvae and pupae were taken on August 17; 
hence larval development probably required about 
10 or 11 weeks. The time required for pupal develop- 
ment could not be determined. The maximum stream 
temperature was 42°F during occupation by larvae 
and pupae. Adults emerged in the latter part of 
August. 
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All sizes of larvae and pupae were taken from 
late May to early September at 40 highway stations, 
ranging from 1.5-20 ft. wide, 1-18 in. deep, with 
speeds from 2-5.5 ft. per second to tumbling. Judg- 
ing from the size of the larvae, hatching must have 
occurred from late May to about the middle of June, 
depending upon the locality. This species was taken 
most often at localities that produced P. alpestre and 
hirtipes, and was likewise most often developing in 
association with them. 

Distribution: ELLIOTT HIGHWAY (3), mp. 
35.2 to 38.5; GLENN HIGHWAY (3), mp. 89.4 to 
135.2; NABESNA ROAD (3), mp. 18.3 to 70.0; 
RICHARDSON HIGHWAY (6), mp. 23.0 to 279.3; 
SLANA-TOK ROAD, mp. 57.0; STEESE HIGH- 
WAY (24), mp. 16.2 to 128.9; WILLOW ROAD, 


mp. 32.3 and 33.0. 


SIMULIUM 
Nineteen species of Simulium are known to occur 
in Alaska, and they represent the subgenera Neosimu- 
lium, Simulium, and Eusimulium. There is 
variation in the habits and habitats of these species, 
but only arcticum and/or corbis (females difficult to 
distinguish), venustum, and decorum actually feed on 


wide 


humans. S. tuberosum, venustum, and vittatum are 
often attracted to people in such numbers that their 
crawling and probing cause severe annoyance. 

Only one species of the subgenus Neosimulium is 
known to oceur in Alaska. 

Simulium vittatum Zett—This species was taken 
from five semi-upland and lowland biology stations 
near Anchorage. The stations ranged from 1.5-10 
ft. wide, 3-12 in. deep, with speeds of 2-4 
ft. per second. Unfortunately control operations 
interrupted development at 18B and might also have 
had some effect at 277, and road construction inter- 
fered at 59. There are two or three generations a 
vear depending upon the type of stream. In some 
streams winter is passed in the larval stage and, if 
the adults developing from this overwintered genera- 
tion do not oviposit in all the other streams where 
summer generations occurred, then winter must also 
be passed in the egg stage in some streams. It seems 
possible that they overwinter as larvae or eggs de- 
pending upon the habitat. The females are attracted 
to humans and their erawling is annoying. 

Both larvae and pupae prefer streams with loose 
rocks on the bottom and attach to all surfaces of the 
stones, but they were also taken from logs and trail- 
ing vegetation. 

Eggs of the overwintering generation started hatch- 
ing from the first of September until the second 


week of October, when the stream temperatures 
ranged from 58° to 38°F. Rather large medium 


larvae overwinter, but the histoblasts do not become 
visible until the following spring. Mature larvae 
were first taken the last week of April and pupae the 
first week of May. Larval development required 
about nine months and pupal development from ten 
days to two weeks. Emergence of this overwintered 
generation occurred the middle of May in the warmer 
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streams and from late May to early June in the 
colder streams. 

In the two coldest streams, where there was only 
one complete summer generation, hatching started the 
first and second weeks of July, when the stream tem- 
peratures between 49° and 54°F. Mature 
larvae and pupae were first taken the last week of 
July and early in August. Larval development re- 
quired about three or four weeks and pupal develop- 
During occupation by this 


were 


ment about two weeks. 
generation the maximum temperature of the streams 
was 54°F. Emergence occurred during August. 

In the lake-outlet streams, where there 
were two complete summer generations, hatching 
started in late May and early June, when the tem- 
peratures ranged between 59° and 62°F. Mature 
larvae and pupae first appeared in the middle of 
June. Larval development required three to four 
weeks and pupal development about ten days to two 
this generation the 


warmer 


weeks. During occupation by 
maximum stream temperatures ranged from 68° to 
71°F. Adults emerged during July, the peak coming 
at the middle of the month. 

The second complete summer generation in the 
warm lake-outlet streams coincided very closely with 
the lone summer generation found in the two colder 
streams. During occupation the maximum stream 
temperatures were 68° and 69°F. Emergence oc- 
curred during August, the peak coming just about 
the middle of the month. 

Only at 18B was information available to indicate 
successful overwintering by larval populations. At 
the two warmest stations (55A and 59) the over- 
wintered generation was apparently absent in the 
the following fall overwintering 
larvae were present. At 133, slightly colder than 18B, 
only one specimen to indicate an overwintered genera- 
tion was taken in the spring and, reversing the afore- 
mentioned situation, overwintering larvae were absent 
the following fall. 

All sizes of larvae, including diseased ones, and 
pupae were taken from early July to early September 
from 18 highway stations, ranging from 1.5-60 ft. 
wide, one in. to 3 ft. deep, with speeds from 2-7 ft. 
This species was most often taken at 
venustum, 


spring, although 


per second. 
localities that produced S. 
and was likewise taken most frequently in actual as- 
sociation with them. 

Distribution: ALCAN HIGHWAY, mp. 1236.1; 
ANCHORAGE (3); GLENN HIGHWAY (3), mp. 
16.0 to 152.7; NABESNA ROAD (3), mp. 30.7 to 
97.7; NORTHWAY ROAD, mp. 5.3; RICHARD- 
SON HIGHWAY (6), mp. 23.6 to 27.7; and 192.9 to 
244.6; SLANA-TOK ROAD, mp. 21.4 and 39.0; 
WILLOW ROAD (4), mp. 4.6 to 50.8. 

There are 11 species in the subgenus Simulium 
known to occur in Alaska, but biological information 
is almost entirely lacking for S. meridionale, nigri- 
coxum, rubtzovi, and rugglesi. 

S. arcticum Mall.—This species was taken from 
six semi-upland and lowland biology stations near 
The stations ranged from 10-25 ft. wide, 


tuberosum and 


Anchorage. 
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7 in. to 2.5 ft. deep, with speeds from 2.5-4.5 ft. per 
second. Unfortunately control operations might have 
interrupted development at stations 18B and 281. 
There are one or two generations a year depending 
upon the type of stream. In some streams winter is 
passed in the larval stage. If the adults developing 
from this overwintered generation do not oviposit 
in all the other streams where summer generations 
occurred, then winter must also be passed in the egg 
It seems probable that they 


stage in some streams. 
depending upon the 


overwinter as larvae or eggs 
habitat. 

Submerged branches, vegetation, logs, and the un- 
dersides of loose stones seemed to be the preferred 
habitats. The pupae can be recognized with the 
naked eye, because the cases are boot-shaped with an 
anterior collar and there are 12 pupal respiratory 
filaments. 

Information concerning hatching of overwintering 
larvae was not available because so few specimens 
were taken and at only two stations. However, ai 
18B, a lowland lake-outlet station, medium and ma- 
turing larvae were occupying the stream by the mid- 
dle of April. Mature larvae first appeared in early 
May, and pupae the second week of May. Larvae 
parasitized by a nematode were taken the last week 
of May. During occupation by this generation the 
maximum stream temperature was 55°F. Emergence 
oceurred during the middle of May. 

lggs of the first complete summer generation 
started hatching the latter part of June and the first 
week of July, when the stream temperatures ranged 
trom 46° to 48°F. Mature larvae and pupae were 
first taken the last week of July and the first week of 
August. During occupation by this generation the 
maximum stream temperatures ranged from 49° to 
51°F. Emergence occurred late in July and through- 
out August. 

A second complete generation occurred only at 278, 
and hatching probably started the first week of Au- 
gust, when the temperature was again 48°F. Mature 
larvae were first present by the middle of the month 
and pupae the following week. 
by this generation the maximum stream temperature 
was 53°F. Larval development during the summer 
generations required three to five weeks and pupal 
development perhaps only a week. The females feed 
on humans and were particularly active late in the 
fall. 

The slight variation in stream 
hatching and in the maximum temperatures during 
occupation suggests that this species might not have 
normally developed summer generations at 18B, where 
the maximum temperature was 68°F. Therefore, the 
control activities at that station might not have been 
responsible for the absence of this species during the 
summer, but this does not explain why an overwinter- 
ing generation failed to appear there in the fall. 

All sizes of larvae, including some diseased and 
parasitized, were taken from the end of May to early 
September from 25 highway stations, ranging from 
3-60 ft. wide, 2 in. to 3 ft. deep, with speeds from 


temperatures at 
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2-7 ft. per sec. This species was most often taken 
from localities that produced S. and P. 
alpestre, and most frequently developed in direct as- 
sociation with tuberosum. 

Distribution: ANCHORAGE (4); GLENN HIGH- 
WAY (5), mp. 20.0 to 36.0 and 137.5 to 172.7; 
NABESNA ROAD (4), mp. 36.0 to 63.6; RICH- 
ARDSON HIGHWAY (9), mp. 47.8 to 292.1; 
SLANA-TOK ROAD, mp. 21.4 and 39.0; STEESE 
HIGHWAY (3), mp. 34.6 to 139.1; WILLOW 
ROAD (4), mp. 28.7 to 50.8. 

Simulium corbis Twinn—This species was taken 
from five semi-upland and lowland biology stations 
near Anchorage. The stations ranged from 6-10 ft. 
wide, 6 in. to 1.5 ft. deep, with speeds from 2.5-4.5 
There are one or two generations a vear 


tuberosum 


ft. per see. 
depending upon the type of stream, and winter is 
probably passed in the egg’ stage. 

Larvae and pupae seemed to prefer submerged 
wood for anchorage, but they were also taken from 
the undersides of The pupae can be 
recognized easily, because the collar on the pupal 
case is composed of an artistic latticework of ares 
and the pupae have only 10 respiratory filaments. 

lges of the first generation started hatching the 
first week of May in the lowland lake-outlet streams 
and during the latter half of May in the colder semi- 
upland streams, but temperatures of all the streams 
were approximately 45°F. Mature larvae and pupae 
were first taken from the last week of May in the 
from the middle to the end of 
During occupation 


loose stones. 


lowland streams and 
June in the semi-upland streams. 
by this species the maximum stream temperatures 
ranged from 50° to 60°F. Larval development. re- 
quired three to five weeks depending upon stream 
conditions, and pupal development perhaps ten days. 
Emergence occurred throughout June and the first 
half of July. 

The only station to produce a second generation of 
277, and unfortunately this station was 
llow- 


corbis was 
used in experimental control work on June 21. 
ever, hatching occurred the first week of July, when 
the temperature had descended to 45°F. Medium 
and maturing larvae were taken spasmodically from 
the third week of July until the middle of September ; 
so it was not possible to draw any definite conclusions 
about the period of development. The maximum 
stream temperature during this period was 54°F. It 
is possible that the high water temperature at the 
two lowland stations from the middle of June to the 
middle of September might explain the absence of 
a summer generation at these stations. Females of 
this species are difficult to distinguish from S. arcti- 
cum, hence biting records for either species might 
actually involve one or both as pests of man. 
Medium and mature larvae, including diseased ones, 
and pupae were taken from 22 highway stations be- 
tween the end of June and early September. The 
stations ranged from 1-200 ft. wide, 1.5 in. to 4 ft. 
deep, with speeds from 2-6 ft. per see. S. corbis 
was most often taken from localities that produced 
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C. saileri and S. tuberosum, and was also taken most 
often in direct association with these two species. 

Distribution: ANCHORAGE (4); ELLIOTT 
HIGHWAY (4), mp. 18.3 to 58.9; GLENN HIGH- 
WAY (4), mp. 16.0 to 147.2; NABESNA ROAD 
(4), mp. 30.7 to 63.6; RICHARDSON HIGHWAY, 
mp. 198.7 and 325.4; STEESE HIGHWAY (7), mp. 
34.6 to 148.0; WILLOW ROAD, mp. 3.3 and 31.8. 

Simulium decorum Walk.—This species was taken 
from six lowland biology stations near Anchorage 
and Fairbanks. The stations ranged from 1.5-10 ft. 
wide, 3-12 in. deep, with speeds from less than 1-3 ft. 
per second. There appear to be two generations a 
vear near Fairbanks and perhaps as many as four in 
the Anchorage area. Station 59 was disturbed several 
times during the summer as a result of road construe- 
tion work; so it was not possible to get a clear pic- 
ture of the generations at this station, and here 
decorum was the dominant species. Winter is very 
likely passed in the egg stage. 

The under surfaces of stones seemed to be the 
preferred habitat in areas exposed to direct sunshine, 
but deflecting surfaces and trailing vegetation were 
utilized in partially shaded areas. 

At Anchorage hatching of the first generation 
started about the middle third of May when the 
stream temperatures ranged from 49° to 52°F. The 
first mature larvae and pupae were taken the latter 
part of May. The maximum stream temperatures 
ranged from 60° to 71° F during occupation by this 
generation. Larval development required between 
two and three weeks and pupal development perhaps 
less than a week. Emergence of this first generation 
occurred during the last few days of May and early 
part of June. 

At Fairbanks the first generation did not. start 
hatching until the last few days of May and the first 
week of June, when the stream temperatures were 
between 52° and 62°F. Mature larvae and pupae 
were first taken the middle two weeks of June. Emerg- 
ence occurred during June and July. 

At Anchorage the second generation started hatch- 
ing about the middle of June, when the stream tem- 
peratures ranged from 66° to 70°F, but mature larvae 
and pupae were not taken until the second week of 
July. The maximum stream temperatures were 69° 
and 70°F during occupation by this generation. De- 
velopment of these later generations seemed a_ bit 
slower, probably because of the competition resulting 
from the tremendous population of S. vittatum and 
venustum that had developed. Emergence occurred 
from the middle of July until the middle of August, 
the peak being at the end of July. 

The third generation at Anchorage and the second 
at Fairbanks started hatching the latter part of July 
and early August, when the stream temperatures 
ranged from 61° to 64°F at Anchorage and from 
58° to 65°F at Fairbanks. Mature larvae and pupae 
were first taken the middle third of August. The 
maximum stream temperatures were 61° and 69°F 
during occupation by these generations. Emergence 
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occurred from about the middle of August to the 
middle of September, 

A possible fourth generation may have started 
hatching at the end of August at 59, when the stream 
temperature was 51°F, mature larvae and pupae oc- 
curring from the middle of September through the 
first week of October. By this time the temperature 
was down to 40°F, and because only maturing larvae 
were taken thereafter it appears that some individuals 
of this generation did not complete development. 
This species has been reported feeding on humans in 
Alaska. 

Medium to mature larvae, some diseased, and pupae 
were taken from early July to early September from 
15 highway stations, ranging from 1-12 ft. wide, 1-6 
in. deep, with speeds of about 2 ft. This 
species was most often taken from localities that pro- 
duced S. venustum and tuberosum, and was most often 
taken in direct association with them. 

Distribution: ALCAN HIGHWAY (3), mp. 1236.1 
to 1254.2; ANCHORAGE (1); FAIRBANKS (2); 
GLENN HIGHWAY, mp. 16.0, 23.5, and 126.5; 
NABESNA ROAD, mp. 91.0 and 97.7; RICHARD- 
SON HIGHWAY (6), mp. 58.1 to 357.8; STEESE 
HIGHWAY, mp. 32 + and 139.1; WILLOW ROAD, 
mp. 4.6 and 31.2. 

Simulium hunteri Mall.—Thirty-three medium and 
maturing larvae presumably of this species were taken 
on July 9 and 13 from two streams one and a half 
and ten ft. wide, one and six in. deep, with a speed 
of about 3 ft. per sec., located at mileposts 23.0 and 
26.0 on the Richardson Highway. The maturing 
larvae had many long, fine, pupal respiratory fila- 
ments, characteristic of hunteri. Adults 
mon around Valdez. On both occasions this species 
was taken in association with S. and C, 


per sec. 


were coli- 


tuberosum 
sommermanae. 

Simulium malyschevi D., R., & V.—This appears 
to be a river-inhabiting species, taken only near 
Fairbanks. Approximately 210 medium to mature 
larvae, some diseased and some parasitized by a nema- 
tode, were taken along with about 32 pupae from 
which two adults were reared. The larvae and pupae 
were collected between the middle of July and early 
September from streams 40-240 ft. wide, about three 
or more feet deep, with speeds from 3-4.5 ft. per see. 
This species appears to be related to S. arcticum and 
corbis, but the larvae have 16 pupal filaments. It 


was taken in association with C. saileri and S. tube- 


rosum, 
Distribution: RICHARDSON HIGHWAY, mp. 
325.4; STEESE HIGHWAY, mp. 34.6, 38.4, and 


148.0. About 75 larvae and a few pupae were taken 
by the control group from the Chatanika River north 
of Fairbanks on August 10. 

Simulium meridionale Riley 
to oceur in Alaska but was not taken by members of 
the 1948 Alaska Insect Project. 

Simulium nigricoxum Stone—Immature forms of 
this species were not taken. Adults were captured 
in flight from July 12 to September 4 at mp. 12.7 on 





This species is known 
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Chitina Road, 91.0 and 97.7 on Nabesna Road, and 
140.4 on Steese Highway. 

Simulium rubtzovi Smart—This species was taken 
as pupae from which some adults were reared at 
Fairbanks biology stations 516 and 526 from June 
23 until August 12. Larvae of this species have not 
been distinguished with certainty, but it is thought 
that they may resemble S. An adult was 
also reared from a pupa collected on July 24 at mp. 
162.7 on the Richardson Highway. 

Simulium rugglesi N. & M.—One female of this 
species was taken in flight at mp. 139.1 on Steese 
Highway September 4. 
tuberosum 


decorum. 


Simulium (Lund.)—This species was 
taken from 15 semi-upland and lowland biology sta- 
tions at Fairbanks and Anchorage. The stations 
ranged from 2-25 ft. wide, from 2 in.-2 ft. deep, with 
speeds from less than 1-4.5 ft. per see. Depending 
upon the type of stream there are one or two popula- 
tion eveles a year both in Anchorage and Fairbanks. 
In the two warmest streams, 55A at Anchorage and 
503 at Fairbanks, there may have been three genera- 


tions. This species very likely overwinters in the egg 
stage. The adults are attracted to humans, and their 


crawling can be very annoying. 

Shallow streams with loose, rocky bottoms, directly 
exposed to the sun, were the habitats where tuberosum 
developed the largest populations. Larvae and pupae 
were found on all surfaces of the stones, and were 
taken also in lesser numbers on logs and trailing 
vegetation. 

In the Anchorage area the first generation started 
hatching in the lake-outlet streams early in May, 
when the temperature was about 49°F, and in the 
lowland and semi-upland streams from the middle of 
May until the middle of June, when the stream tem- 
peratures ranged from 44° to 52°F. The first ma- 
ture larvae were taken from the lake-outlet stations 
the third quarter of May and pupae the last part of 
the month, but at the other lowland and semi-upland 
stations development was generally slower, and ma- 
ture larvae and pupae first appeared at the various 
stations from the middle of June until the end of 
July. The maximum stream temperatures at the lake- 
outlet stations ranged from 60° to 68°F and at the 
lowland and semi-upland from 49° to 58°F during 
occupation by this population. Larval development 
required two to three weeks or longer, and pupal de- 
velopment from a few days to perhaps ten days de- 
pending upon the stream conditions. Adults started 
emerging from late May to early June at the lake- 
outlet stations and from the middle of June to the 
end of July at the other stations. 

At Fairbanks this species was taken from lowland 
biology stations only. Hatching started from the last 
third of May until the middle of June, when the 
stream temperatures ranged from 44° to 64°F. Ma- 
ture larvae and pupae were first taken from the first 
week of June until the last week of July, appearing 
earlier in the warmer streams. Larval and pupal 
development were of about the same duration as at 
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Anchorage, and the maximum stream temperatures 
during occupation ranged from 50° to 75°F. The 
adults started emerging from the middle of June until 
the middle of July at the various stations. 

The second population cycle appears to have 
started hatching at Anchorage about the middle of 
July, mature larvae and pupae first appearing at the 
various stations from the last of July until the mid- 
dle of August. The hatching temperatures ranged 
from 53° to 64°F and the maximum temperatures 
from 54° to 65°F during the time this population 
occupied the stations. Adults began emerging during 
the first half of August. 

At Fairbanks the second population cycle started 
hatching from the latter part of June until late July, 
when the stream temperatures ranged from 59° to 
64°F, and mature larvae and pupae were first taken 
from the middle of July until the middle of August. 
During occupation by this population the maximum 
stream temperatures were identical with those at 
hatching. Emergence began from late July until the 
middle of August at the various stations. 

A third population cycle may have started develop- 
ing about the middle of August at station 503 in Fair- 
banks. At substation 55C in Anchorage three popu- 
lation cycles may have developed, in which ease the 
population of the second occupied the station from the 
middle of June until the end of July and the third 
from the middle of July until the end of August. 
The larval and pupal developmental periods for the 
second and possible third cycles were about the same 
as for the first eyele. Diseased and parasitized larvae 
were taken at several of the stations. 

All sizes of larvae, including diseased and para- 
sitized, and pupae were taken from late May to early 
September from 89 highway stations, ranging from 
1-240 ft. wide, 1 in.-4 ft. deep, with speeds from less 
than 1-7 ft. per see. This species was most often 
taken from localities that produced S. venustum, bi- 
cornis, and P. alpestre, and most often in association 
with venustum. 

Distribution: ALCAN HIGHWAY (6), mp. 1247.6 
to 1377.5; ANCHORAGE (7); ELLIOTT HIGH- 
WAY (6), mp. 8.2 to 76.5; FAIRBANKS (4); 
GLENN HIGHWAY (10), mp. 16.0 and 36.0 and 
126.5 to 186.0; NABESNA ROAD (8), mp. 18.3 to 
97.7; RICHARDSON HIGHWAY (28), mp. 13.9 to 
357.8; SLANA-TOK ROAD (3), mp. 3.5 to 39.0; 
STEESE HIGHWAY (25), mp. 32+ to 158.0; 
WILLOW ROAD (7), mp. 3.3 to 50.8. 

Simulium venustum Say—This species was taken 
from 14 semi-upland and lowland biology stations at 
Anchorage and Fairbanks. The stations ranged from 
1.5-10 ft. wide, 2-24 in. deep, with speeds from less 
than 1-4.5 ft. per sec. Depending upon the type of 
stream, there are one or two generations a year in 
both Anchorage and Fairbanks. It must overwinter 
in the egg stage. The adults have been recorded as 
biting man only at Kotzebue; elsewhere in Alaska 
the species has been recorded only as a crawling 
nuisance, 
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Submerged sedges, trailing vegetation (grass blades 
in particular), stones, and logs were the preferred 
sites for attachment of larvae and pupae. 

In the vicinity of Anchorage the first generation 
started hatching in the lowland streams from the first 
to the middle of May, when the stream temperatures 
ranged from 43° to 52°F, and in the semi-upland 
streams the last week of May, when the temperature 
was about 48°F. The first mature larvae and pupae 
were taken from the last third of May until the second 
third of June. Larval development usually required 
two or three weeks, but may have required as long 
as five weeks in the colder streams, and pupal de- 
velopment required from four or five days to perhaps 
a little more than a week. During occupation by 
this generation the maximum stream temperatures 
ranged from 49° to 71°F. Adults started emerging 
from late May until late June, earliest at the lake- 
outlet stations. 

Near Fairbanks the first generation started hatch- 
ing from the last third of May until about the middle 
of June, when the stream temperatures ranged from 
44°. to 64°F. Mature larvae and pupae were first 
taken from early June until the latter part of July, 
in general appearing earlier in the warmer streams. 
Larval development usually required two or three 
weeks, sometimes longer, and pupal development from 
a few days to perhaps a week or ten days. The 
maximum stream temperatures ranged from 53° to 
75°F while this generation occupied the streams. 
Adults started emerging from the middle of June 
until the latter part of July. 

The second population cycle started hatching at 
the various Anchorage stations from early to late 
July and at Fairbanks toward the end of July, when 
the stream temperatures ranged from 48° to 65°F. 
Larvae and pupae were first taken from the middle 
of July until the middle of August, and adults first 
started emerging from about the middle of July 
until the latter part of August. The maximum stream 
temperatures ranged from 49° to 69°F while this 
population occupied the stations. Diseased larvae 
were taken from several of the Anchorage and Fair- 
banks stations. 

Medium to mature larvae, including a few diseased 
ones, and pupae were taken from early July to early 
September from 49 highway stations ranging from 
1-240 ft. wide, an inch to 3 ft. deep, with speeds 
from about stagnant to 7 ft. per sec. This species 
was most often taken from localities that produced 
S. tuberosum and bicornis but developed in associa- 
tion most often with tuberosum and aureum. 

Distribution: ALCAN HIGHWAY (8), mp. 1223.3 
to 1375.2; ANCHORAGE (6); ELLIOTT HIGH- 
WAY, mp. 12.9 and 76.5; FAIRBANKS (3); 
GLENN HIGHWAY (6), mp. 16.0 and 23.5 and 
126.5 to 186.0; NABESNA ROAD (4), mp. 30.7 to 
97.7; NORTHWAY ROAD, mp. 5.3; RICHARD- 
SON HIGHWAY (19), mp. 23.6 to 357.8; STEESE 
HIGHWAY (8), mp. 9.0 to 66.7 and 135.2; WIL- 
LOW ROAD (6), mp. 4.6 to 50.8. 
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Seven species of the subgenus Eusimulium are 
known to oceur in Alaska, none of which is known 
to be a pest to humans. 

Simulium Fries—This species was taken 
at seven lowland stations at both and 
Fairbanks, the stations ranging from 1.5-15 ft. wide, 
2-6 in. deep, with speeds from less than 1-4 ft. per see. 
The populations that developed at the Anchorage 
locations indicate only one generation a year, but it 
is quite possible that the construction work at 59 in- 
terfered with the development of a second generation 
there, and that a small population of a first genera- 
There were 





aureum 
Anchorage 


tion may have been overlooked at 55C. 
one or two generations at the Fairbanks stations, 


and winter is probably passed in the egg stage. Sub- 
merged vegetation, bark, sticks, and stones were 


anchorage sites for larvae and pupae. 

At both Anchorage and Fairbanks the first genera- 
tion started hatching from about the middle of May 
until early June in the warm streams, and from the 
end of June until the middle of July in the colder 
streams, when the temperatures in both types of 
streams ranged from about 50° to 56°F. Mature 
larvae and pupae were first taken in the warmer 
streams from early to late June, and in the colder 
streams not until late July and early August. Dur- 
ing occupation by this generation the maximum tem- 
peratures of the warmer streams ranged from 61° 
to 71°F and of the colder ones from 53° to 57°F. 
Larval development required two to four weeks and 
pupal development perhaps a week. Adult emergence 
began at the warmest stations about the middle of 
June and occurred progressively later until late July 
and early August at the colder streams. 

The second generation started hatching the first half 
of July, when the stream temperatures ranged from 
58° to 68°F, and mature larvae and pupae first ap- 
peared during the first half of August. The stream 
temperatures declined after the hatching, and the de- 
velopmental periods were approximately the same 
as those for the first generation. Emergence occurred 
from the middle of August until the middle of Sep- 
tember. 

Medium to mature larvae and pupae 
from the middle of July to early September from 
18 highway stations, ranging from 1-12 ft. wide, an 
inch to 2 ft. deep (usually six inches or less), and 
with speeds from almost stagnant to 2 ft. per see. 
This species was most often taken from localities that 
tuberosum and venustum, and was most 


were taken 


produced 8. 
often directly in association with them. 

Distribution: ALCAN HIGHWAY (3), mp. 1225.0 
to 1259.1; ANCHORAGE (1); CIRCLE HOT 
SPRINGS ROAD, mp. 6.2; ELLIOTT HIGHWAY, 
mp. 2.6; FAIRBANKS (3); GLENN HIGHWAY, 
mp. 16.0, 23.5 and 135.2, 154.0; NABESNA ROAD, 
mp. 41.9 and 91.0; NORTHWAY ROAD. mp. 5.3; 
RICHARDSON HIGHWAY (7), mp. 23.6 to 357.8; 
WILLOW ROAD, mp. 31.2 and 50.8. 

Simulium baffinense Twinn—This species was taken 
stations Fairbanks, 


at three lowland biology near 
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ranging from 2-10 ft. wide, six in. to two ft. deep, 


with speeds from 1-2 ft. per sec. There appears to 


be but one generation a year, but data were so 
sketchy there might be a second. Winter is probably 


passed in the egg stage. 

Trailing vegetation and leaves seemed to be the 
preferred habitat. The pupae can be readily recog- 
nized with the naked eye because there are three 
stout respiratory filaments and the pupal ease has an 
anterior projection. 

Hatching probably started from early to late in 
June, when the stream temperatures were between 
46° and 49°F. Mature larvae and pupae were 
probably present during July. The maximum stream 
temperatures ranged from 49° to 61°F while this 
generation occupied the stations. Larval development 
probably required five or six weeks; the pupal de- 
velopmental period could not be determined. Emerg- 
ence started late in July and continued through Au- 
gust. 

All sizes of larvae and pupae were taken from the 
middle of July to early September from seven high- 
way stations, ranging from 1-18 ft. wide, 1-12 in. deep, 
with speeds from very slow to 2 ft. per see. It was 
taken most often from locations that produced tu- 


berosum and bicornis. 
1259.1; 


Distribution: ALCAN HIGHWAY, mp. 
CIRCLE HOT SPRINGS ROAD, mp. 6.2; EL- 
LIOTT HIGHWAY, mp. 8.2 and 12.9; FAIR- 
BANKS (2); RICHARDSON HIGHWAY, mp. 


337.2; STEESE HIGHWAY, mp. 32+ and 135.2; 
WILLOW ROAD, mp. 31.2. 

Simulinm bicornis D., R., & V.—This species was 
taken from 17 biology stations at Anchorage and 
Fairbanks, representing all three station categories. 
The stations ranged from 1.5-10 ft. wide, 2 in.-2 ft. 
deep, with speeds from less than 1-4.5 ft. per see. It 
is interesting to note that this species occurred in 
such a wide variety of streams and yet the population 
was never really abundant in any of them. There is 
apparently only one generation a year, and winter 
is passed in the egg stage. : 

Stones and trailing grass seemed to be the preferred 
habitat of both larvae and pupae. It is believed that 
the pupal cases originally have a double anterior pro- 
jection (upsilon-shaped), but sometimes it was broken 
off and then the pupae could no longer be distin- 
guished with the naked eye. 

Hatching must have started the latter part of May 
in the warmer streams and during June in the colder 
ones, when the stream temperatures ranged from 40° 
to 50°F. Mature larvae and pupae first appeared 
from early June through the first half of July. oc- 
curring earlier in the warmer streams. The maximum 
stream temperatures ranged from 41° to 70°F while 
this generation occupied the stations. Larval develop- 
ment seemed to require three to six weeks, being 
slower in the colder streams; pupal development may 
have required from one to three weeks, but not much 
information is available. Emergence started from 
about the middle of June in the warmest stream until 
the middle of August in the colder streams. 
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All sizes of larvae, including diseased and para- 
sitized, and pupae were taken from late June to 
early September from 64 highway stations, ranging 
from 1.5-30 ft. wide (one larva was reeorded from 
a stream 300 ft. wide), 1-18 in. deep, with speeds 
from less than 1-4.5 ft. This species was 
most often taken at locations that produced S. tu- 
berosum and P. alpestre, but was most often develop- 
ing in association with tuberosum and latipes. 

Distribution: ALCAN HIGHWAY, mp. 1272.8 
and 1375.2; ANCHORAGE (8); CIRCLE HOT 
SPRINGS ROAD, mp. 6.2; ELLIOTT HIGHWAY 
(13), mp. 1.2 to 62.3; FAIRBANKS (4); GLENN 
HIGHWAY, mp. 81.6 and 135.2; NABESNA ROAD 
(4), mp. 30.7 to 97.7; RICHARDSON HIGHWAY 
(16), mp. 8.5 to 337.2; SLANA-TOK ROAD, mp. 
14.4; STEESE HIGHWAY (27), mp. 8.3 to 158.0; 
WILLOW ROAD (3). mp. 26.3 to 33.0. 

Simulium furculatum Shewell—Two reared adults, 
four pupae, and one mature larva were taken on July 
24 from a stream 60 ft. wide, 1.5 ft. deep, with a 
speed of 6 ft. per see., at milepost 192.9 + on Rich- 
ardson Highway. The pupae have eight respiratory 
filaments, four simple, and two bifureate, 

This species was taken 


per sec. 





Simulium gouldingi Stone 
only at biology station 102 near Fairbanks, a warm 
lake-outlet stream about 1-3 ft. wide, 3-6 in. deep, and 
sluggish. This was likely a rapidly developing late- 
spring species with one generation, for eight matur- 
ing larvae were taken on May 28 and three pupae 
the first week of June. The maturing larvae (pre- 
served) are extremely small, being only about 3.5 mm 
long. There are six pupal respiratory filaments. 

Simulium latipes (Meigne)—This species was taken 
from six lowland biology stations at Anchorage and 
Fairbanks, although at the former location the popu- 
lations were extremely scarce, being represented by 
three pupae only. The stations ranged from 2-10 ft. 
wide, 3 in. to 2 ft. deep, with speeds from less than 
1-3.5 ft. per see. There are one or two generations 
a year depending upon stream conditions. Winter is 
passed in the egg stage. 

Larvae and pupae preferred submerged and trail- 
ing vegetation for anchorage. The pupae can be 
easily recognized with the unaided eye because they 
have four filaments, and there is a single anterior 
projection on the pupal case. 

At Anchorage hatching must have started early 
in May at one station, because pupae were present 
the last third of the month. In another stream a late- 
summer generation was represented by a pupa col- 
lected the first week of September; so hatching of 
this generation probably occurred about the middle 
of August. 

Information regarding development is much more 
complete for Fairbanks, because sizeable populations 
developed at two stations. Hatching of the first 
generation started the last few days of May and first 
week of June, when the temperatures ranged from 
about 40° to 62°F. Mature larvae and pupae were 
first taken from the second week of June in the 


warmest stream until the end of the month in the cold- 
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est. During occupation by this generation the maxi- 
mum stream temperatures ranged from 58° to 75°F. 
Larval development probably required from two to 
four weeks. Pupal development must have required 
less than a week at station 102 and perhaps a week at 
the other stations. Emergence occurred from the 
second week of June until the end of July. 
Hatching of the second generation started during 
the middle third of July, when the stream tempera- 
tures ranged from 56° to 68°F. The temperatures 
declined after the onset of hatching, and mature 
larvae and pupae first appeared the first week of 
August. Larval development probably required two 
or three weeks. Emergence occurred during August 
and the first week of September. 
Medium to mature larvae and pupae 
from early July to early September from 12 highway 
stations, ranging from 1-12 ft. wide, 1-10 in. deep, 
with speeds from less than 2-3 ft. per see. It was 
most often taken from localities that produced S. 
renustum, tuberosum, and bicornis, and likewise most 


were taken 


often developed in association with them. 

Distribution: ALCAN HIGHWAY, mp. 1259.1; 
ANCHORAGE (1); CIRCLE HOT SPRINGS 
ROAD, mp. 6.2; ELLIOTT HIGHWAY, mp. 12.9; 
FAIRBANKS (3); GLENN HIGHWAY, mp. 16.0; 
NABESNA ROAD, mp. 30.7 and 97.7; RICHARD- 
SON HIGHWAY (5), mp. 23.6 and 58.1, 239.9 to 
337.2; WILLOW ROAD (3), mp. 31.2 to 50.8. 

Simulium pugetense D. & S.—This species was 
taken at ten semi-upland or upland biology stations 
near Anchorage. The stations ranged from 3-25 ft. 
wide, 4 in. to 2 ft. deep, with speeds from less than 
2-4.5 ft. per see. In the upland and colder semi-up- 
land streams there was but one generation a year, 
winter being passed in the larval stage, but in the 
warmer semi-upland streams there was an indication 
of an additional generation in the summer. Control 
measures at these warmer stations earlier in the sea- 
son may have affected this population. 

There may be some question concerning this species 
concept, although the variation in structure of the 
anal gills of the larvae—i.e., three smooth gills versus 
three gills with secondary buds—might be no more 
than a habitat adaptation possibly attributable to 
variation in stream speed. Those larvae developing 
in the swifter streams usually possess three little 
buds per gill, whereas those from the slower streams 
have smooth gills. However, in a few of the streams 
there were occasional specimens with the opposite 
type of gill. 

Submerged branches, sticks, stones, and trailing 
leaves served as anchorage for larvae and pupae. The 
pupae have four respiratory filaments, and their cases 
lack any indication of an anterior projection. 

Hatching of the overwintering generation started 
from the latter part of August to the first half of 
September in the warmer streams, and not until early 
October in the colder ones; the stream temperatures 
ranged from about 42° to 34°F. Rather large medi- 
um larvae passed the winter, and mature larvae and 
pupae were first taken the following spring from the 
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TaBLE 17. Habitat distribution of Alaskan black 
flies. 
Semi- 
Species | Upland | Upland | Lowland 
Gymnopais 
dichopticus Stone..... X 
holopticus Stone... . X 
Prosimulium 
alpestre D., R., & V... | X X 
decemarticulatum (Twinn) . | | X 


dicum D. & S.. not/known 


fulvum (Coq.) X | 
hirtipes (Fries)..... ee X | X 
onychodactylum D. & S... X X 


pleurale Mall.. . . X 
travisi Stone. . , Re | 
ursinum (Edw.)..... p | 
2, re 
sp. #. 

Cnephia 
emergens Stone..........] X X 
eremites Shewell 
minus (D. & 8.) 
mutata (Mall.) 
saileri Stone.... oa 
sommermanae Stone... .. .| x 

Simulium (Neosimulium) 
vittatum Zett.. . 5 X 

Simulium (Simulium) | 
archoum Mall,......... + 
corbis Twinn 
decorum Walk......... 
huntert Mall.............] ? 
malyschevi D., R., & V....| ? 
meridionale Riley . not| known 
nigricozrum Stone not| known 
rubtzovi Smart. 
rugglesi N. & M.... not/known 
tuberosum (Lund.)....... X 
venustum Say.......... X 

Simulium (Eusimulium) 
aureum Fries . 
baffinense Twinn....... 
bicornte D., R., & V...... 

furculatum Shewell.......| 
gouldingi Stone. . 
latipes (Meigen)........ 
pugetense (D. & S.)...... X X 


ial 


AnArA 
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second week of May until early June. Emergence 
oceurred from about the middle of May until the end 
of July, commencing earlier in the warmer streams. 

Unfortunately the three stations producing a rather 
unsuccessful summer generation had been exposed to 
control measures earlier in the season, which may have 
accounted for the sparse population. At station 276 
only small and medium larvae were taken, but at 281 
and 277 all sizes up to mature larvae were taken but 
no pupae. Hatching apparently started from the 
second week of July until the first week of August, 
and the mature larvae were present by the middle of 
August; so larval development probably required 
from three to five weeks. 

Medium to mature larvae and pupae were taken 
from late May to late October at nine highway sta- 
tions. At several locations medium and maturing 
larvae were taken in late July and early August, 
further substantiating the belief that a summer gen- 
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Fig. 8. 


eration exists in some streams. The stations ranged 
from 3-18 ft. wide, 1 in. to 1.5 ft. deep, with speeds 
from less than 2-4 ft. per see. This species was most 
often taken from locations that produced P. hirtipes, 
alpestre, and onychodactylum, and most often de- 
veloped in association with hirtipes. 

Distribution: ALCAN HIGHWAY, mp. 1259.1; 
ANCHORAGE (10); GLENN HIGHWAY, mp. 
16.0; NABESNA ROAD, mp. 91.0 and 97.7; RICH- 
ARDSON HIGHWAY, mp. 8.3, 193.1, and 239.9; 
SLANA-TOK ROAD, mp. 21.4; STEESE HIGH- 
WAY, mp. 77.5. 

PEST SPECIES 

In Alaska only five or six species are known to bite 
humans: Prosimulium fulvum and P. hirtipes, and 
Simulium venustum, S. decorum, S. arcticum, and/or 
S. corbis. It is difficult to distinguish between the 
females of the last two species. Simulium vittatum, 
S. tuberosum, and S. venustum can be very trouble- 
some with their crawling and probing. A paper by 
Sailer (1953) concerning adult activities includes 
the observations made in 1948 as well as more recent 
ones. S. decorum and venustum were not observed 
feeding upon humans during 1948; so they have not 
been included in this discussion. 

In general one may expect to find fulvum larvae 
occupying tumbling permanent streams above the 
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critical elevation and tumbling spring-fed ones below 
from early September until early June, when pupa- 
tion gets under way. There is but one generation a 
year. It is not known whether this species breeds 
above tree line. 

One may expect to find hirtipes larvae occupying 
all permanent streams, except those fed by glaciers, 
down to the point where the major area of watershed 
is still above the critical elevation, or below this point 
if the major source of water is a sphagnum bog 
These situations would be oceupied from 


drainage. 
arly 


early September, when hatching starts, until 
June, when pupation commences. There is only one 
generation a year. Since larvae taken 
about at tree line, this species may breed still higher. 


have been 


Simulium arcticum and 8, corbis seem to occupy 
similar situations, but arcticum larvae are known to 
overwinter and there is a possibility the eggs do too, 
whereas corbis appears to overwinter in the egg stage 
only. They very likely breed mostly below the critical 
elevation, but it is conceivable that they might breed 
above this point in lake-outlet streams. They would 
probably be found in lake-outlet streams below the 


critical elevation only early in the spring. At these 


other situations in the Anchorage area arcticum 

larvae would most likely be present during July, with 
: ] 8 » 

pupation starting at the end of the month. 8S. corbis 
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larvae would most likely be present during the first 
half of June, with pupation starting about the middle 
of the month. 


SUMMARY 

There are 38 species of black flies known from 
Alaska (Table 17), 35 of which were taken by mem- 
bers of the 1948 Alaska Insect Project. Life histories 
are given for most of these species. 

The local distribution of the breeding places of the 
various species is determined in general by the tem- 
perature requirements of the immature forms, whereas 
minor factors such as stream speed, depth, or sub- 
stratufn often account for the absence of a species at 
a particular location along a stream. 

The different habitats studied may be grouped into 
three major categories, dependent chiefly upon ele- 
vation as expressed in the following generalization: 

Base low is the lowest elevation in the area, and 
critical elevation is 400 feet above base low. 

UPLAND—The study location above the critical 
without the 
water from the major area of watershed coming 


elevation, or regard to elevation, 
from springs. 

SEMI-UPLAND—The study location below, but 
the major area of watershed above the critical 
elevation, 

LOWLAND—The study location and the major 
area of watershed below the critical elevation. 


In addition, if the water from the major area of 
watershed passes through impoundage the study lo- 
cation is automatically transferred to the next lower 
category. If the major area of watershed is below 
the critical elevation and to a large extent consists of 
bogs the study location is automatically transferred 
to the next higher category. If considerable bog 
drainage and impoundage are involved they may off- 
set each other. 

Species of Gymnopais dichopticus, G. holopticus, 
and Prosimulium fulvum are typically found at up- 
land habitats. The absence of P. alpestre and hirtipes 
or the presence of Simulinm latipes and aureum in 
general is indicative of lowland habitats. The known 
species distribution in the three habitat categories is 
shown in Table 17. 

Species occurring in habitats representing one or 
more of the categories appear earliest and generally 
develop more rapidly in the warmest habitats. 

There is usually a succession of species throughout 
the season at a habitat, the succession being most 
rap'd at the lowland lake-outlet habitats. 

Lowland habitats produce a greater variety of 
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species, have a longer emergence period, and produce 
Upland habitats 
produce a smaller number of species, have a shorter 


tremendous localized populations. 


emergence period, and the populations are neither so 
dense nor localized. The semi-upland habitats are 
intermediate in these respects. 

Within a region some species produce one or more 
generations a year depending upon the type of habi- 
tat. At the upland and colder semi-upland habitats 
only one generation is produced per species each year. 
At the warmer semi-upland habitats some species pro- 
duce two generations a year, and at the lowland habi- 
tats one to four generations may occur depending up- 
on the habitat and the species concerned. Most 
species produced but one generation a year. Cnephia 
saileri and Simulium arcticum, corbis, tuberosum, 
venustum, aureum, latipes, and pugetense produced 
one or more generations per year depending upon the 
type of habitat, whereas S. decorum and vittatum con- 
sistently produced two or more generations. 

Most species overwinter in the egg stage. Prosi- 
mulium fulvum, hirtipes, pleurale, Simulium puge- 
tense, vittatum, and arcticum are known to overwinter 
as larvae. S. arcticum and vittatum might also over- 
winter in the egg stage. Upland and semi-upland habi- 
tats are occupied during the winter by larvae of fulvum 
(upland only), hirtipes, pleurale, and pugetense, but 
only larvae of vittatum and arcticum might be found 
at the lowland habitats, and it looks as though vitta- 
tum might be limited entirely to lake-outlet streams. 

It seems possible that Simulium arcticum, corbis, 
and Cnephia saileri aestivate in the egg stage at low- 
land lake-outlet habitats. 

The emergence-trap collections indicate that the 
males start emerging slightly before the females and 
also complete emergence slightly ahead of them. The 
sex ratios approach 1:1. 

The following natural enemies of black fly larvae 
were encountered: protozoans, diatoms, an alga (re- 
lationship questionable), and a nematode. 

Only five or six species of black flies are known to 
Alasks 


hirtipes, Simulium decorum, venustum, arcticum, and 


feed on humans in Prosimulium fulvum, 


or corb is, 
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INTRODUCTION 


During the last three decades a large number of 
investigators have devoted themselves to the subject 
of intra- and interspecies competition using a wide 
‘range of biological material. Crombie (1947) has 
reviewed this work, which falls into three broad cate- 
gories, namely, laboratory, field, and mathematical 
studies. 

Because so much genetic information is available 
for some species of the genus Drosophila, and because 
these species are easily bred in the laboratory, it is 
only natural that this genus should be particularly 
useful in investigating problems of an_ ecological 
nature as well. In using Drosophila in problems of 
heredity, however, geneticists have set a pattern, al- 
lowing stocks to inbreed in an attempt to reduce the 
genetic variability. 

The practice of inbreeding the stocks has, until 
recentiy, been adopted by investigators studying 
various aspects of the ecology of Drosophila and other 
genera. Thus, studies on fertility, fecundity, longevi- 
ty, population growth and competition have been 
‘arried out on material which has been allowed to 
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inbreed for several to many generations. More than 
likely, the information thus obtained is of limited 
value, since it reflects the behavior of the inbred ma- 
terial, and it may not represent the behavior of a 
larger population or of the species as a_ whole. 
Since variability is a property of all living organisms, 
there is no valid reason for attempting to modify the 
variable nature of the material in ecological research, 
especially since variation can be restored by mating 
material from different stocks in a random fashion. 
By using this method in the laboratory, the material 
comes closest to representing a natural population of 
the species under study. 

Among the investigators who have studied com- 
petition between species of the genus Drosophila, the 
following may be cited: Zimmering (1948) studied 
competition between D. pseudoobscura and D, mela- 
nogaster in population cages. L’Heritier & Teissier 
(1935) studied the same problem between D. melano- 
gaster and D. funebris in population cages, and Mer- 
rell (1951) studied competition between these two 
species in population bottles. Miller (1954) used 
D. melanogaster and D. hydei as the two competitors. 
In every case these investigations involved species 
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which are widely separated both from the taxonomic 
and ecological points of view. 

A recent study by Moore (1952) stands apart from 
previous studies of competition between drosophilids. 
He used two synanthropie species, D. melanogaster 
and D. simulans, and observed the outcome of compe- 
tition between these two species in population cages 
at two temperatures. These two species are closely 
related from the morphologic, genetic and ecological 
standpoints. In addition his species were obtained 
from the same locality in nature and attempts were 
made to outeross the stocks. 

The present study is an analysis of larval com- 
petition both within and between sibling species of the 
pseudoobscura subgroup of Drosophila. Four species 
of this subgroup are known to occur in the Nearctic 
region of the world (Patterson & Stone 1952): D. 
frolovae, D. pseudoobscura, D. persimilis and D. mi- 
randa, Of these, only the last three species were used. 

Competition studies between these species are of 
interest for several reasons: (1) They are closely re- 
lated. Dobzhansky (Dobzhansky & Epling 1944 for 
other references) has shown that hybrids can be ob- 
tained from all mating combinations in the laboratory. 
(2) Data from extensive collections have shown that 
all three species can coexist in the same locality. (3) 
Carson (1951) has shown that two of the species, 
D. pseudoobscura and D. persimilis feed and breed on 
the same slime fluxes of oak trees, at least in the 
Mather region of California. (4) Much genetic in- 
formation is available for all three species. Finally 
(5) since many observations have been made in the 
field, it is possible to compare laboratory results with 
the situation in nature. 

This work was done under the supervision of Pro- 
fessor Thomas Park. I express my indebtedness to 
him for first suggesting the problem and for many 
suggestions during the investigation and in the prepa- 
‘ation of the manuscript. I am indebted to Professor 
Th. Dobzhansky for providing the stocks, showing 
me some techniques in the identification of the ma- 
terial, and for his continued interest throughout this 
investigation. 
ble suggestions on the manner of presentation of the 
data. My father, Professor D. Sokoloff, shared a 
deep interest in the problem, and provided stimulating 
discussions. I owe thanks to Dr. E. W. Fager for 
permitting the use of a constant temperature room 
at the Institute of Radiobiology of the University of 
Chicago. Finally, my sincere appreciation is ex- 
pressed to my mother, Mrs. Sophie Sokoloff, and my 
sister Nina Sokoloff, for contributing many hours in 
reorganizing the data for computation; to Mr. J. H. 
W. Alexander for helping in the calculation of the 
data in an IBM machine; and especially to my sister 
Olga Sokoloff for spending much of her time at the 
desk calculating machine. 


MATERIALS AND METHODS 
The three species of the pseudoobscura subgroup 
of Drosophila used in this investigation, D. pseudo- 
obscura, D. persimilis and D, miranda, were collected 





Professor Sewall Wright made valua- ~ 





Ecological Monographs 


ALEXANDER SOKOLOFF ‘o 


Vol. 25, No. 


in August, 1950, approximately 20 mi. south of 
Mono Lake, California. Judging from the numbers 
of flies attracted to banana traps, all species seemed 
to be equally abundant in that locality. The original 
stocks (10 for D. pseudoobscura, 10 for D. persimilis 


and 5 for D. miranda) were derived from females 
placed individually in bottles containing standard 
cornmeal-molasses-agar medium. The stocks were 


identified to species by Dr. Th. Dobzhansky by ex- 
amining the salivary gland chromosomes of the 
larvae. In Chicago, they were maintained in standard 
medium by transferring six pairs of flies to a freshly 
prepared bottle at intervals of approximately one 
month. All stock-bottles were kept on a water table 
in an effort to keep the temperature at about 20°C 
throughout the year. Records of the temperature of 
the water in the water table were kept only when 
larvae were being collected. 
EXPERIMENTAL PROCEDURE 

In order to minimize the effects of inbreeding and 
to insure the highest degree of genetic variability 
(thus simulating conditions in nature), the following 
experimental procedure was employed: Equal num- 
bers of virgin females from each stock were collected 
on hatching from one half of the stocks and placed 
in pint-size oviposition bottles. Enough young males 
to make the sex ratio 1:1 were collected in equal 
numbers from the remaining stocks and introduced 
into the same oviposition bottles. The total number 
of adults per oviposition bottle never exceeded 100 
flies of both sexes, and usually five bottles were pre- 
pared for each species. Once in the ovipos:tion bot- 
tles, the flies were allowed 5-7 days to attain a high 
degree of egg-laying activity. Paper spoons filled 
with standard medium not more than four days old, 
and heavily seeded with dry Fleischmann’s veast, 
were introduced daily into the oviposition bottles to 
serve as food and oviposition medium. The bottles 
were then placed in the water table. During the 
course of setting up the experimental vials the tem- 
perature of the water in the water table was never 
lower than 18° nor higher than 22°C. 

After the flies had aged for about a week, two 
fresh introduced into each oviposition 
bottle. Egg-laying was allowed for 20-22 hours, ex- 
cept for D. miranda. Preliminary observations 
showed that this species was slower in its develop- 
ment, and for this reason it was given a six hour 
head-start. The egg-laden spoons were introduced 
into rearing bottles, and placed on the water table. 
When all three species were involved, larvae were 
collected 24 -hours later. For additional data on 
competition between D. pseudoobscura and D. per- 
similis at the highest densities, oviposition was al- 
lowed for 24 hours, and the small larvae were col- 
lected and placed in competition vials 12 hours later. 
In this way, larvae which were hardly larger than 
the eggs from which they hatched were obtained. 
In either case all the larvae were first instar larvae. 
Efforts were made to collect larvae of the same size 
for all species. 


spoons were 
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The larvae introduced into shell vials con- 
taining 4+ ce of freshly prepared Kalmus medium. 
This medium, like the Pearl S-101 medium, consists 
of salts, sucrose and agar, and is translucent enough 


were 


to permit observations of all stages of the life cycle 
of the flies. Just before introducing the larvae, 0.05 
ee of a freshly prepared 20% suspension of dry 
Fleischmann’s yeast were added to each vial. 

The Kalmus medium has the disadvantage that on 
autoclaving its jelling properties break down. Hence, 
sterilization of the medium, other than bringing’ it 
up to near boiling, was impossible. However, by 
sterilizing the vials, and by adding Moldex to the 
medium, no mold developed, so that the larvae un- 
doubtedly fed chiefly on the yeast. 


K=PERIMENTAL DESIGN 

The three species with which this study is con- 
cerned are physiologically different. For this reason 
the experiments were always set up in duplicate. One 
set of vials was placed in an ineubator kept at 24°C 
(or more precisely 23.90 + .03°C) and the other set 
in a constant temperature room maintained at 16°C 
(or more exactly 16.24 + .03°C). In order to help 
the reader in visualizing the experimental design, 
this appears as Table 1 for one temperature. For 
single-species studies at least 20 replicates of each of 
the densities (1, 3, 5, 6, 10, 20, 40, and 80 larvae) 
were set up for each species. Mixed-species vials 
were replicated at least 40 times, and the densities 
used for each species combination were 2, 6, 10, 20, 
40, and SO larvae. 
for intra- and interspecies vials, both types were 


To provide identical conditions 


prepared simultaneously with the same batches of 
medium. Furthermore, vials of a given mixed-species 
density were always accompanied by single-svecies 
vials equaling that density, and other vials containing 
half that number of larvae. For example, vials con- 
taining 5A and 5B larvae were always accompanied 
by single species A-vials containing 5 and 10 larvae, 
and B-vials containing the same number of larvae. 

The larvae of all three species were exposed to 
room temperatures for brief periods of time during 
the transfer from the spoons to the competition vials. 
This exposure to room temperature probably did not 
affect any of the species, as the vials were introduced 
in the corresponding temperature as soon as possible. 
Perhaps of greater consequence were the variations 
of temperature in the 24°C incubators. In the first 
incubator used the temperature varied from 23.4° to 
24.5°C and a relative humidity of 65% was main- 
tained. Following a breakdown of the temperature 
control unit, it was necessary to transfer the vials to 
another incubator for a period of six weeks. In 
this incubator the temperature varied from 22.6° to 
25.7°C, and the relative humidity was kept relatively 
constant at 35%. Since the humidity within the 
vials is always high, the difference in relative humidi- 
ty in the two ineubators presumably did not have 
any effect on the development of the larvae and pupae. 
The brief exposure to temperatures above 25°C in 
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had effect on D. 


the ineubator 
miranda. 


may have some 

The vials were examined daily to record the date 
of the first pupation. The date of hatching was re- 
corded and the flies were weighed, generally 8-12 
Flies hatching from a given 
intraspecies competition vial were separated as to 


hours after eclosion. 


sex, and all the flies of one sex weighed as a group. 
Most of the flies were subsequently destroyed, but a 
few were retained to serve as controls in identification. 
Flies emerging from mixed-species vials were weighed 
individually and placed in isolation vials until they 
were identified. 
IDENTIFICATION TECHNIQUES 

Under the best conditions of growth D. miranda 
can be distinguished from the other two species by 
the fact that the flies are larger and darker. Under 
crowded conditions, however, the size criterion can- 
not be used. Furthermore, the attainment of full 
pigmentation is delayed at high densities. For these 
reasons, in the vials were D. miranda competed with 
either D. pseudoobscura or D. persimilis, the iden- 
tification procedure was as follows: flies were weighed, 
placed in individual storage vials containing medium, 
and aged for 7-10 days. The unknown flies were 
etherized and placed on the stage of a dissecting 
microscope between two other etherized flies, one of 
which was known to be D. miranda and the other 
which was known to be either D. pseudoobscura or 
By comparing the unknown fly with 
the known sample flies the former could be readily 
identified. 

The techniques of identification of flies emerging 
from the mixed-species viais containing D. pseudo- 


D. persimilis. 


obscura and D. persimilis were different. After weigh- 
ing the flies individually, the males were dropped in 
tubes containing KOH, and subsequently identified 
by the technique devised by Rizki (1951), which in- 
volves dissection of the 
ment of the length and 


genital plate and measure- 
width of the penis lamina. 


TABLE 1. Experimental design. 





; 
| INTERSPECIES CoMPETITION 


INTRASPECIES COMPETITION 


Species 
Species Combination 
Density |— - Density pine Aart oe eek 
B Cc | AC | BC | AB 
1 1+1 
3 | 343 
5 5+5 
6 10+10 
10 20+20 
20 40+40 
40 
80 


20 Replicates 





Minimum replication =40 


Data obtained: 
1. Date of first observed pupation. 
2. Date of hatching, sex, weight & number of adult flies. 
A =D. pseudoobscura B=D. persimilis C=D. miranda 
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TABLE 2. 
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Number and percent of dead larvae, total pupae and formed pupae dying; 
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intraspecies competition 


of three species at various densities and at two temperatures. 


(A = D. pseudoobscura B= D. persimilis C = D. miranda) 





16° C. 
Total Dead Total Formed 
Species | Larval Larvae Pupae Pupae Dying | 
Density ——_——$ | ———<—__—_—__|—_—_—_—_ 
No. % No. % | No. 
1 1 4.76 | 20 95.24) 0 , 
3 3 4.76 | 60 95.24 1 1.67 
5 11 10.48 | 94 89.52 0 
6 7 5.56 | 119 94.44; 1 0 
A 10 32 16.00 | 168 84.00 4 2.38 
20 173 34.60 | 327 165.40; 61 18. 
40 728 «691.00 | 72 9.00 | 37 51.35 
80 800 100.00; 0 ay. ae 
1 0 21 100.00; 0O 
3 2 3.17 | 61 96.82 1 & 
5 10 9.52 | 95 90.48 1 1.02 
6 12 10.00 | 108 90.00) 1 0. 
B 10 29 13.81 | 181 86.19 3 Ay 
20 175 35.00 | 325 65:00; 38 11. 
40 756 94.50 | 44 5.50 | 25 56, 
80 800 100.00 0 < 0 
1 3 15.00} 17 85.00 0 
3 25 39.68 | 38 60.31 1 2.6: 
5 12 10.91 98 89.09 iS i68, 
6 29 24.17 | 91 75.83 4 4.36 
C 10 119 56.67 | 91 43.33 4 4.: 
20 390 78.00 | 110 22.00 8 Be 
40 818 97.38 | 22 2.62 5 22. 
80 800 100.00 0 BO. ene: 


24° C. 
Dead Total Formed 
N Larvae Pupae Pupae Dying, N 
Vials |-——_- ~—— = - ———| Vials 
No. q No. q No. A 
21 1 4.76 | 20 95.24 0 21 
21 8 4.76 | 60 95.24 2 3.04 | 21 
21 6 6.00 | 94 94.00 2 2.10 | 20 
21 4 3.70 | 104 =96.20 2 1.92 IS 


37.—Ss:17.62 | 173 = 882..38 11 6.36 | 21 
25 | 202 40.40 | 298 59.60 85 28.60 | 25 
20 766 95.75 34 4.25 | 20 58.80! 20 


10 800 100.00 0 0 10 
21 1 4.76 20 95.24 0 21 
21 3 4.76 60 95.24 1 1.67 21 
21 10 9.52 95 90.48 Z 2.11 21 
20 2 1.59 | 124 98.41 4 5 Ve 2 21 
21 20 =10.53°| 170 =8&9.47 | 2.35 19 
25 168 33.60 | 332 66.40 59 17.78 5 
20 733 91.62 67 8.38 28 11.80 20 
10 800 100.00 0 0 10 
20 12 46.15 14 53.85 0 26 
21 37 6=«.:« 3.68 32 46.38 7 21.86 23 
De 64 65.20 31 34.80 10 32.23 19 
20 78 56.52 60 13.48 1S 50.00 pes 
21 205 = 89.13 25 10.87 4 16.00 23 
25 482 96.40 18 3.60 10 55.60 25 
21 759 99.87 ] 0.13 0 .< 19 
10 800 100.00 0 ” 0 rae 10 





The ratio obtained from these measurements identifies 
the species to which the male belongs. The females 
were identified by the technique described by Dob- 
zhansky (1934, 1951). After determining the weight, 
the unknown flies were introduced in vials containing 
standard medium and mated to males known to be 
pseudoobscura. When the F, emerged, the testes 
of several males were examined for size and content 


of sperm. If the unknown female belongs to the 


same species as the male, the testes of the offspring’ 


will be normal and full of sperm, except in rare indi- 
viduals affected by a sterility gene. If, on the other 
hand, the female is a persimilis female, it will pro- 
duce male offspring with very small testes and they 
will not contain any sperm. In a few cases it was 
necessary to carry these genetic tests to the F. owing 
to the presence of a sex-ratio gene which resulted in 
the absence of males in the F, generation. 

In the highest densities a large number of females 
were not identified for several reasons: some drowned 
after emerging from the pupa cases, others got stuck 
on the yeast in the identification vials; a few never 
mated; others still were apparently too weak to 
emerge from the pupa or to free themselves from 
the pupal cuticle, and a few exhibited paralysis in- 
volving a varying number of meso- and metathoracic 
legs. This paralysis presumably is associated with 
an inability on the part of the flies to get rid of the 
meconium, as those flies that discharged it recovered 
the use of the paralyzed legs. 





Dead pupae, drowned flies, flies dying in the pupa 
case, and even exoskeletal remains of flies necrophaged 
by larvae were sexed, and if males, identified by the 
Rizki technique. 

RESULTS 

Because this study encompasses an experimental 
analysis of both intra- and interspecies competition 
it is convenient, for purposes of presentation, to dis- 
cuss the results according to the following plan: The 
first part will deal with the results of intraspecies 
competition, i.e., with the performance of larvae of 
the three species under various degrees of crowding 
and at two temperatures, Under this heading three 
types of data will be discussed: 

(a) Larval and pupal mortality and numbers of 
adults emerging; 

(b) Weight of adults; and 

(c) Length of development of larvae and pupae. 

Pertinent comparisons of the data will be made 
between the densities, the temperatures, and the 
species. 

The second part will report the results of inter- 
species competition, using the same subheadings as 
above. Since both intra- and interspecies vials were 
set up simultaneously, single-species vials can be re- 
garded as controls, and mixed-species vials as experi- 
mentals. Comparison of results obtained in control 
and experimental vials will be made in due course. 
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TABLE 3. Effect of density on emergence of adults; 
intraspecies competition at two temperatures, no adults 
emerge at density 80. 
(A = D. pseudoobscura B =D. persimilis 
C—D. miranda) 





Apu ts aT 16° C. Aputts at 24°C. 


Species | Density Od'+P? Jot 29 
| No. | No. a N | No.| No. | _ } 
0d 99} No.| % | Vials| po) 99} No.| % | Vials 
1 14/ 6 20 | 95.24) 21 11 9 20 |95.24] 21 
3 29 30 59 | 93.62] 21 29 29 58 {$2.06} 21 
5 56 | 38 | 94 | 89.52) 21 46 | 46 | 92 |92.00) 20 
A 6 64 54/118 | 93.65) 21 44 58 | 102 |94.44|) 18 
; 10 86 78 | 164 §2.00| 20 74 88 | 162 |77.14) 21 
20 119 | 147 | 266 | 53.20; 25 85 | 128 | 213 |42.60; 25 
20 5 9 14 1.75} 20 


| 40 15 20 35 4.38 


1 100.00} 2 11 9 20 (95.24) 21 

3 26 34 60 | 95.24) 2 24 35 59 

5 43 51 94 | 89.52) 21 | 43 50 93 (87.62) 21 
2 F 
2 
2 





B 6 62 45 | 107 | 89.17) 20 56 64 | 120 (95.24) 21 
10 85 93 | 178 | 84.76] 21 83 83 | 166 |87.37| 19 

2( 107 | 180 | 287 | 57.40) 25 | 115 | 158 | 273 (54.60) 25 

40 2 17 19 2.38] 20 8 | 31 39 | 4.88) 20 

1 5 12 17 | 85.00) 20 2 12 14 |53.85| 26 

3 7 30 37 | 58.72] 21 2 23 25 |36.83) 23 

5 19 61 80 | 72.72} 22 7 21 28 |29.47| 19 

( 6 13 74 87 | 72.50) 20 2 40 42 /30.43] 23 
10 14 73 87 | 41.43) 21 0 21 21 9.15) 23 

20 ll 91 | 102 | 20.40) 25 0 8 8 | 1.60) 25 

40) 1 16 17 2.02} 21 0 1 1 0.13) 19 





I. INTRASPECIES COMPETITION 

Since the pioneer studies of Pearl & Parker (1922) 
on the influence of density upon rate of reproduction 
in Drosophila and of Pearl (1925) on the logistic 
form of growth of populations, a vast literature has 
appeared on analytic and deductive studies of popu- 
lation growth in Drosophila melanogaster. This work 
has been reviewed by Park (1941) and more recent 
literature referred to by Sang (1949a, b, ¢, d), and 
Chiang & Hodson (1950). 

Both Sang’s and Chiang and Hodson’s investiga- 
tions report the effect of crowding on larval and 
pupal mortalities, and pupa! viability measured by 
numbers of adults hatching. Sang’s work also in- 
cludes data on the effect of crowding on weight and 
length of development of adults. This effect is ex- 
pressed by Chiang and Hodson in terms of size of 
pupae and adults. 

Similar laboratory studies on D. pseudoobscura 
and its relatives have been few, primarily because 
these species have been the subject of an intense 
investigation from the standpoint of cytology, genetics 
and population genetics. Dobzhansky  (1935b) 
studied fecundity in D. pseudoobscura and D. persimi- 
lis (at that time considered as races of D. pseudo- 
obscura) throughout the lifetime of the adults. Poul- 
son (1934) investigated the times of development of 


the two races of D. pseudoobscura. Dobzhansky 
(1935a) reported some studies of egg viability in D. 


miranda in connection with sex-ratio studies. But 
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analytical laboratory studies of the type performed 
by Sang and by Chiang and Hodson have not been 
undertaken previously for these species. 

Sang has cogently pointed out that “crowding of 
larvae is important because of its effects on (a) num- 
bers surviving to the pupal and adult stages, (b) the 
duration of the larval and pupal stages, and (¢) the 
size and sex ratio of the resulting adults.” These im- 
mediate effects of crowding on each of the species of 
the pseudoobscura subgroup, which are presented in 
the following pages, are of importance in the present 
study because they may help in explaining the out- 
come of competition when larvae of two species are 
involved. 

What may be called long-range effects ef crowding 
are also of importance because fecundity, fertility, 
and longevity of adults have been shown to be af- 
fected under starvation conditions. These changes 
in the biotic potentialities of the three species are of 
interest because they will determine, together with 
the immediate effects of crowding, the outcome of 
competition of populations started with numbers of 
adults whose preimaginal history has been determined. 
This will be the subject of a future investigation. 


MORTALITY IN 
DENSITY 


\. TOTAL PREADULT 
RELATION TO 
Total mortality in this investigation is limited to 
the period from which the larvae were collected to 
With these limitations, total 
death rate of 
3y introducing 


the emergence of adults. 
mortality has only two components: 
larvae, and death 
variations in density, natural death rates can be dis- 


rate of pupae. 
tinguished from those resulting from crowding. Thus, 
at lower densities a certain percentage of larvae and / 
or pupae may fail to survive. Sang has called this 
the “minimal mortality.” At a eritieal density—which 
is here defined as the density in which the first statisti- 
cally significant change in biological properties (such 
mortality, weight, ete.) 
fects will be observed. 


as 


appears—crowding  ef- 


1. Larval and Pupal Mortalities 

a. Larval mortality—The data for both tempera- 
tures are reported in Table 2. D. 
(A) and D. persimilis (B), in general, give the same 
results at both temperatures, i.e., a larval mortality 
of 10% or less for the low densities, with roughly 


pseudoobscura 


an exponential increase after critical densities of 10 
larvae per vial are reached. D. miranda (C) has a 
higher mortality even at 16°C. Whether the brief 
exposure to room temperatures is responsible for this 
high mortality has not been tested, but it is clear that 
of the two sets of replicates the one introduced in the 
24°C ineubator has the higher mortality. This is ex- 
pected, since 25°C is sublethal for this species. The 
higher mortality at a density of 3 in the cold room 
could be accounted for by an insufficient number of 
replicates or by a slightly higher room temperature 
when these vials were prepared. Nevertheless, the 
effect of crowding on larval mortality is evident for 
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this species if the densities 6-80 in the two tempera- 
tures are compared. 

There should be a density at which the food pro- 
vided is insufficient to allow any of the larvae to be- 
come pupae or adults. This density lies somewhere 
between 40 and 80 larvae per vial, since at the latter 
density larvae of all three species, no matter what the 
temperature, fail to pupate. In these vials most of 
the larvae die on the surface of the medium, but a few 
die at various depths including the very bottom. In 
their search for food a number of larvae craw] out of 
the medium and die after dehydrating on the inner 
the vial or on the cotton plug. Oddly 
larvae do not attempt to feed 


walls of 
enough, the surviving 
on the dead larvae. 

b. Pupal mortality—The data 
Table 2 are presented in two parts: the first column 
enters total pupae in number and percent. The 
second column reports the number of dead pupae and 
the percentage is expressed in terms of total pupae 
formed. For D. pseudoobscura and for D. persimilis 
there is an increase in mortality of the pupal stage 
roughly proportional to the increase in density only 
after the critical density of 10 larvae per vial is 
reached. The percent of dead pupae at 16°C is about 
the same for both species, but at 24°C the percent of 
formed pupae dying is greater for A (D. pseudo- 
obscura) than for B (D. persimilis) at the higher 


for pupae in 





densities. This can be seen in the following: 
CZ, Formep Pupakr Dying at 24° C. 
Density - 

A B 

10 6.36 2.30 

20 28.50 17.78 

40 58.80 41.80 
For C (D. miranda) the eriticeal density has not 


heen determined, but it is probably lower than 10 
larvae per vial at 16°C. The percent of formed 
pupae dying is far greater at 24° than at 16°C. 
Dobzhansky (1935a) found that D. miranda males 
This factor 


are slower in development than females. 


] 
| 





J 2 Pseuvocescure f= 0 reese is C.J*0 


Fic. 1. Adult emergence of three species of Drosophila 
at various densities and at two temperatures. 
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and a higher sensitivity of males to room temperatures 
may explain the high pupal mortality for density 5 
at 16°C. 

2. Numbers of Adults Emerging. The data for the 
three species and for both temperatures are presented 
as Table 3, and graphically in Fig. 1. The table 
presents the numbers of flies of each sex hatching, and 
the total and percent of flies of both sexes emerging 
at the various densities. The figure shows that the 
percent of surviving flies drops gradually at the 
lower densities so far as A and B concerned. 
The following is a summary showing the percent of 
adults hatching from vials of densities at whieh erowd- 


are 


ing effeets become marked: 





(> ApuLtTs EMERGING 


16° C. 24° C. 
Density 
A B A B 
10 $2.00 84.76 77.14 87.37 
20 53.20 57.40 42.60 54.60 
410) $.3S 2.38 1.75 4.88 


At least at 24°C, species B (D. 
duces a greater percent of adults 


persimilis) pyro- 
than species A. 
(D. pseudoobscura). 


The sex ratio of adults emerging at the lower 
densities does not deviate significantly from the 


expected 1:1 ratio. At the higher densities the num- 
ber of females is significantly higher. This is so for 
species A and B at density 20, and the same hoids 
for B at density 40. But the ratio of A-females to 
A-males at this density does not deviate significantly 
from the 1:1 ratio, presumably owing to the small 
number of flies that hatch in the A-vials. 

That C (D. miranda) does better at 16° than at 
24°C ean be seen from Table 3 and Fig. 1. But 
even at the low densities the percentage of flies that 
emerge is not as high as for the other two species. 
Dobzhansky (1935a) standard medium ob- 
tained approximately 82% adults when small numbers 
of eggs were reared at 20°C. Thus the low yield of 
C adults at low densities cannot be attributed to the 
medium used. 

A striking feature about D. miranda is that the 
number of males obtained at all densities is always 
significantly smaller than that of females. Dob- 
zhansky (1935a) observed this phenomenon when the 
species was discovered, and attributed the difference 
in sex ratio to the slower development of males, which 
placed them at a disadvantage in crowded cultures. 
This is confirmed by these experiments. The data also 
bring out the fact that males are more sensitive to 
high temperatures. Hence, when both high density 
and high temperature effects are combined, no males 


using 


emerge. 


B. THE EFFECT OF DFNSITY ON WEIGHT 


The results are summarized in Tables 4 and 5 in 
which the data are entered separately for each sex, 
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Fig. 2. Effect of erowding on weight at 16°C. 
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Fig. 3. Effeet of crowding on weight at 24°C. 
and Figs. 2 and 3, which present the data as unweight- 
ed averages for the two sexes. Flies which drowned, 
or which went unnoticed for about a day after crawl- 
ing into the cotton plug were not weighed because 
both types of accidents may alter their weight. 
Several generalizations hold for all three species: 
(1) An inerease in density results in a decrease in 
size of adults. 
(2) Larvae reared at low densities at 16°C pro- 
duce heavier flies. 
Females weigh more than males for any given 
temperature at most densities. 
At the highest densities a minimum weight 
characteristic for each species is attained. 
Males attain the minimum weight faster than 
females, 


(3 


(4 


(5 


The first point has often been reported in popula- 
tion work on D. melanogaster (Alpatov 1930; Sang 
19492 and Chiang & Hodson 1950). The second 
point has been observed by Alpatov (1930) for the 
same species. I have found that this is true only when 
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larvae are reared at low densities. When critical 
densities of competition are attained, however, the 
temperature effect disappears. The last three points 
corroborate Sang’s findings: as density increases, 
the weight of females and males tends to become 
the same, until, at the highest density, the weight of 
the two sexes becomes equal or nearly so. The species 
has attained a minimum size, which, as Sang (1949a) 
has observed for D. melanogaster, represents “the 
smallest possible survival size for both sexes.” 

Comparing the performance of the three species 
at a particular temperature, density and sex (Tables 
4+ and 5 and Figs. 1 and 2), the following points 
can be discerned in reference to weight: 

(1) D. miranda is the heaviest of the species; D. 
persimilis is the lightest; the weight of D. pseudo- 
obscura most resembles the weight of the latter, but 
it is heavier. 

(2) The same relation holds for the minimum size 
obtained for all species: if D. 
vived at the highest densities, they would probably 
weigh around 0.8 mg, which is the minimum mean 
weight observed for females of this species; D. pseudo- 
obscura’s minimum weight is about 0.6 mg; D. per- 
similis weighs somewhat less, but more than 0.5 mg, 


miranda males sur- 


on the average. 

It remains to consider differences in weight of in- 
dividuals according to order of appearance of the flies. 
Even when there are no crowding effects, there is a 
certain amount of variability in the number of days 
it takes a larva to develop into an adult. Flies at low 
dens:ties hatch over a period of two or three days, 


TABLE 4. 
species reared at 
density 80. 


(A dD. 


Effect of crowding on adult weight; three 
16 degrees C. No adults emerge at 


pseudoobscura B—D. persimilis 
C— D. miranda) 





Mates at 16° C, Femaces at 16°C. 


z | £2] MeantS.E. | 8.D.|C.V.| N | MeantS.E. | S.D. | C.V.| N 
a | a mgs. ) mgs.)} (%) (mgs. ) (mgs.)} (%) 
1 | 1.378+ .041 | .152 |11.02) 14 | 1.750+ .066 | .161 | 9.21) 6 
3 | 1.428+ .026 | .141 | 9.90) 29 | 1.703+ .021 | .113 | 6.63) 30 
5 1.323+ .020 | .150 |11.34| 57 1.608+ .031 .188 |11.66) 36 
A 6 1.232+ .022 | .170 |13.83) 63 1.407+ .034 | .252 {17.90} 54 
10 .924+ .018 | .167 |18.08) 83 1.073+ .017 | .170 |15.88) 77 
20 634+ .010 | .119 |18.78}113 .736+ .O11 | .125 |17.00) 141 
40 .646+ .027 | .096 |14.82| 13 -706+ .031 .133 |18.81 18 
1 1.267+ .036 | .124 | 9.81} 12 1.589+ .020 | .079 | 4.97 9 
3 1.240+ .028 | .139 |11.18) 25 | 1.5414 .014 | .082 | 5.30) 34 
5 1.216+ .021 .135 |11.06) 43 1.416+ .018 | .127 | 8.99) 51 
B 6 | 1.147+ .016 | .129 |11.22) 62 | 1.353+ .024 | .163 |12.05) 45 
10 .913+ .020 | .179 |19.65| 82 | 1.018+ .020 | .193 |19.00) 93 
20 .560+ .010 | .098 |17.51/104 695+ .008 | .101 |14.52| 173 
40 .550 2 .531+ .027 | .096 |18.03| 13 
1 1.700 4 2.158+ .109 | .378 |17.51} 12 
3 | 1.4574 .120 | .316 {21.70} 7 | 1.862+ .059 | .318 |17.08} 29 
5 | 1.095+ .069 | .299 {27.32} 19 | 1.524+ .048 | .343 |22.47/) 50 
( 6 1.176+ .056 200 |17.01) 13 1.624+ .027 | .233 |13.25) 71 
10 977+ .076 | .274 |28.03) 13 | 1.290+ .039 | .330 (25.54) 71 
20 870+ .045 | .141 |16.25) 10 1.126+ .032 | .310 |27.49| 91 
40) 1.200 1 953+ .061 .236 (24.76, 15 
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TABLE 5. 
species reared at 24 degrees C. 
density 80. 


(A = D. 


No adults emerge at 


pseudoobscura B =D. persimilis 
C= D. miranda) 





Maxegs at 24°C. Femaves at 24°C. 


g £2 | MeantS.E. | S.D.|C.V.| N | MeantS.E. | 8.D. | C.V.| N 
| 50 mgs. ) mgs.)} (%) (mgs.) (mgs.)| (%) | 
1 1.254+ .039 | .130 |10.40) 11 1.467+ .060 | .180 |12.29} 9 
3 1.210+ .019 | .130 |10.75)| 29 1.490+ .024 | .127 | 8.51] 29 
5 | 1.148+ .016 | .106 | 9.20) 45 | 1.3724 .021 | .139 |10.13] 46 
A | 6 | 1.0704 .020 | .134 12.50] 44 | 1.3264 .018 | .133 |10.03) 57 
10 | .927+.019 | .159 |17.17| 74 | 1.050+ .024 | .221 |21.05] 87 
20 | .605+ .015 | .133 [22.05] 83 | .690+ .010 | .114 [16.51] 122 
40 | .580+ .034 | .087 |14.93) 5 | .638+ .046 | .131 |20.38} 8 
1 | 1.2004 .033 | .110 | 6.86] 11 | 1.3564 .060 | .180 |13.30) 9 
3 | 1.0794 .019 | .093 | 8.64] 24 | 1.3564 .023 | .133 | 9.78] 34 
5 | 1.0454 .019 | .126 |12.05| 42 | 1.2844 .018 | .130 |10.14] 50 
B | 6 | .964+.108 | .135 |14.04) 56 | 1.2524 .013 | .105 | 8.36] 63 
10 | .835+.015 | .138 |16.57/ 83 | .989+ .014 | .130 |13.13] 83 
20 | .556+ .010 | .101 |18.21/112 | .664+ .012 | .141 |21.26) 144 
40 .488+ .052 | .146 |30.00) 8 | .475+.017 | .083 |17.56) 24 
1 | 1.350 2 | 1.550+ .065 | .224 |14.42| 12 
3 } 1.150 2 | 1.600+ .044 | .205 |12.79| 22 
5 | 1.128+ .089 | .234 |20.80] 7 | 1.295+ .052 | .240 |18.52| 21 
( 6 | 1.250 2 | 1.548+ .036 | .214 |13.79| 35 
10 0 1.145+ .051 .228 |19.93} 20 
20 0 .938+ .109 | .283 |30.18 8 
40 0 1.200 1 


and this period is lengthened at higher densities. 
But when all the vials for any given density are con- 
sidered, it is observed that there is also a variation 
between replicates. Thus, in all the vials there are 
some flies that emerge ahead of the others. But the 
first day of appearance of adults is not the same 
for all replicates; indeed, it may vary from 1-4 days 
when all the replicates are compared. Because of 
this variability the flies have been grouped into 
classes, class I including all the adults that emerged 
on the first day in a given vial, class IT including flies 
emerging on the second day, ete., regardless of the 


actual number of days it has taken flies of each class - 


to develop. Student’s “t” test has been applied to 
the data thus classified, and no significance of the 
differences in mean weights of flies so grouped has 
been demonstrated, except in very few cases. The 
trend seems significant, however, and for this reason 
it is described in the following paragraphs. No sup- 
porting data are presented but they are open for 
inspection to interested readers. 

D. pseudoobscura and D. persimilis will be dis- 
cussed together. Generally speaking, flies reared at 
densities up to six larvae per vial hatch within two 
or three classes, and there is a consistent drop in 
weight. At densities of 10 and 20, flies can be segre- 
gated into groups of four or five classes, and again 
there is a progressive drop in weight. But, especially 
in density 20, there are some flies whose hatching is 
considerably delayed and ordinarily are included in 
class V. These flies weigh more than adults emerging 


earlier, and sometimes outweigh even flies included 
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in class I. At density 40 both species hatch over a 
smaller group of classes than in the two preceding 
densities. At this density, only D. persimilis, and 
only in the 16°C series, includes flies in the third 
class which outweigh flies included in classes I and II. 
D. pseudoobscura shows a consistent drop in weight 
at both temperatures. 

The results of D. miranda at 24°C ean be ignored 
because the numbers of adults hatching are small 
and because many larvae die as a result of the high 
temperature, releasing the survivors from intense 
competition. At 16°C, and up to a density of five 
larvae per vial, flies appear over a period of two or 
At a density of 6 or 10, flies hatch over 
As density increases further, 


three classes. 
four distinct 
there is again a decrease in the number of classes over 
which flies hatch. This is taken as further evidence 
that critical densities of competition are attained 
much sooner for D. miranda than for the other two 
species. For D. miranda the rebound in weight, i.e., 
the fact that flies hatching at the end outweigh indi- 
observed at 


classes. 


viduals emerging earlier, has not been 
any density. 

This phenomenon, of flies weighing more or being 
larger at the end than at the beginning of the period 
of emergence, has been reported before by Vladi- 
mirova & Smirnov (1938) for Musca domestica and 
Phormia groenlandica, Sang (1949b) for D. melano- 
gaster and Chiang & Hodson (1950) for the same 
species. 

Sang concludes that the ultimate rise in weight for 
flies emerging toward the end of the hatching period 
ean be explained by quantitative or qualitative 
changes in the yeast population. Vladimirova & 
Smirnov (1938) attribute this increase in fly weight 
at high densities to scavenging of surviving larvae 
on dead larvae, and they believe that this is not an 
effect attributable to density. Chiang & Hodson 
(1950) express the opinion that the rebound in weight 
be a phenomenon intimately associated with 


“may é 
extremely low food 


an extremely high density or 
supply.” 

The aim of this investigation has been primarily to 
determine the effect of on each of the 
species under investigation insofar as the data may 
help explain the results of interspecies studies. For 
this reason, and because special stocks and techniques 
are required, Sang’s conclusions cannot be substanti- 
ated. However, the phenomenon does occur at high 
densities in Sang’s as well as in Chiang and Hob- 
son’s and in this investigation. It may be that at 
the higher densities some of the larvae manage to 
find enough food to pupate and hatch as adults, but 
the developmental period is prolonged owing to dis- 
turbance on the formed pupae by larvae which have 
not been able to find sufficient food. 

As to the suggestion of Vladimirova and Smirnov 
that the rebound in weight is due to scavenging, it 
‘annot be completely disregarded, even though the 
suggestion was advanced for flesh-eating flies. Yeast 
has been accepted as the major food of a large num- 
ber of species of Drosophila kept in the laboratory. 


crowding 
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That this genus requires certain factors present in 
the yeast has been well documented (see, for ex- 
ample, Robertson & Sang 1944), especially for D. 
melanogaster. But I have seen larvae of this species 
and of D. pseudoobscura, D. persimilis and D. mi- 
randa feeding on dead adults of the same species 
even when larvae are near an abundant supply of 
yeast. Necrophagy of larvae upon larvae has never 
been observed in my experiments, even at the highest 
densities. But let an adult drown in the medium, 
and soon it will be reduced by the larvae to barely 
recognizable exoskeletal remains. The starving larvae 
will also attack imagoes dying in the pupa case. 
Whether larvae will attack pupae containing living 
flies is not known, but this possibility is not excluded. 

It is doubtful that necrophagy will carry these 
larvae through metamorphosis. Its survival value 
may he in the fact that such food will enable the 
fly larvae to live until a new supply of yeast is 
found. On the basis of these findings, therefore, 
the notion of scavenging cannot be easily dismissed, 
and further work on this subject seems justified. 


EFFECT OF DENSITY ON LENGTH 


OF DEVELOPMENT 


C. THE 


In addition to studies on the effect of crowding on 
numbers of adults and on weight of adults, it is de- 
sirable to know the rates of development of each 
species. Poulson (1934) concerned himself with a 
study of the times of development of the two “races” 
of D. pseudoobscura (present terminology: race A = 
His in- 
vestigation was limited to two strains of D. pseudo- 
obscura (Texas and La Grande), and to two strains 
of D. (Seattle-4 and Seattle-6). He 
followed the course of development of each strain 
from oviposition to pupation and from pupation to 
The larvae were reared at 25°C 


D, pseudoobscura, race B= D. persimilis). 


persimilis 


emergence of adults. 
under optimum conditions, because his primary in- 
terest lay in a comparison of the developmental rates 
of the two species and of their hybrids. However, 
rates of development of these species as species and 
studies on the effect of crowding on the length of 
development have not been investigated previously. 
1. Days elapsed before pupation—To avoid dit- 
ferences in egg viability, first instar larvae less than 
24 hours old were collected. This method, therefore, 
does not give the exact time elapsed between oviposi- 
tion and hatching of adults. Furthermore, only the 
date of the first observed pupation was recorded, so 


that the length of larval development is far from ac- 
curate. It is known that at high densities larval de- 
velopment is considerably lengthened. Larvae are 


still crawling around long after the last adults have 
hatched from high-density vials. Occasionally, as 
Sang has observed, these larvae form small and rarely 
viable pupae. 

The data for length of development of larvae to 
the first observed pupation are presented in Table 
6. The major conclusions from these data are: (1) 
B (D. persimilis) pupated relatively faster than A 


(D. pseudoobscura). This was first observed by 
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TABLE 6. Days elapsed before first observed pupation ; 
three species at various densities and at two tempera- 








tures. No adults emerge at density 80. 
(A D. pseudoobscura B= D. persimilis 
C— D. miranda) 
Pupation at 16° C. PupaTion at 24°C. 
2 
= Mean+ SE. | S$.D. |C.V.| N | MeantS.E.  8.D. |C.V.| N 
R (days) (days)| (%) days) days)) (% 
] 11.10+ .192 | .858 | 7.73) 20 6.65+ .181 .813 (12.22) 20 
3 10.714 .169 | .775 | 7.23) 21 6.24+ .095  .436 | 6.99) 21 
5 10.29+ .142 | .633 | 6.32) 21 6.25+ .099 | .444 | 7.11] 20 
4 6 10.52+ .129 | .592 | 5.62) 21 6.45+ .169 | .759 11.77; 20 
10 10.60+ .170 | .761 | 7.18} 20 6.44+ .120 | .511 | 7.93) 18 
20 10.36+ .153 | .764 | 7.37) 25 7.04+ .108 | .539 | 7.66) 25 
40) 12.00+ .406 (1.519 |12.66) 14 7.13+ .667 |1.885 (23.19 8 
1 10.80+ .176 | .816 | 7.48) 21 6.55+ .114 510 7.79! 20 
3 10.14+ .129 | .592 | 5.83) 21 6.19+ .110 | .500 | 8.08) 21 
5 9.67+ .162 | .742 | 7.67) 21 6.14+ .078 | .358 | 5.83} 21 
B 6 10.10+ .191 | .855 | 8.45) 20 6.10+ .065 | .300 4.93) 21 
10 9.81+ .146 | .671 6.84) 21 5.94+ .144 .574 9.67 16 
20 9.92+ .173 | .866 | 8.73) 25 6.144 .127 | .601 | 9.79) 22 


40 11.00+ .683 (2.160 |19.64) 10 7.15+ .296 (1.068 14.94 8 


l 12.50+ .326 1.316 |10.52| 16 9.43+ .508 1.154 12.24) 14 

3 13.05+ .254 |1.162 | 8.91) 21 §.69+ .133 | .480 | 5.52] 13 

5 12.32+ .251 {1.175 | 9.54] 22 10.10+ .£00 3.960 39.20 19 

C 6 11.80+ .210 | .888 | 7.37) 20 9.00+ .390 1.512 |16.80) 15 
10 12.57+ .320 |1.466 |11.66; 21 9.50+ .428 |1.049 11.04 6 

20 12.96+ .354 |1.732 [13.37] 24 11.10+ .657 2.079 18.73) 10 

40) 13.33+ .484 |1.183 | 8.98) 6 8.00 1 


Poulson (1934) for larvae reared under optimal con- 


ditions. (2) The difference in pupation rates of 
A and B becomes more pronounced at the higher 
densities. (3) D. miranda lags considerably behind 


the other two species in pupation rate. (+) Although 
the first pupae appear more or less at the same time 
at all densities, larvae reared at density 40 are more 
conspicuously delayed; the delay is greater for A 
than for B, and it appears at lower densities for C 
(D. miranda). (5) Temperature has a greater effect 
in delaying pupation than density. 

2. Days elapsed before emergence of adults.— 
Tables 7 and 8 summarize the data for the 
elapsed before emergence of males and females in 
separate columns. At 16°C (Table 7) the significance 
of the difference between the means within a given 
sex emerging at the various densities cannot be estab- 
lished, even taking the numbers widest apart, so that 
In general, the 


time 


only the trend can be discussed. 
trend for species A and B is a delay in hatching as 
the higher densities. 

The behavior of C- 


density increases, especially at 
The same is true for C-females. 
males is erratic probably owing to the small numbers 
of male flies which emerge at most densities. 

The trend is clearer at the higher temperatures 
(Table 8). With few exceptions the mean delay in 


development at the higher densities is 2 to 5 days 
over values obtained for the lower densities. At low 


densities no difference in hatching rates can be es- 
tablished for D. pseudoobscura and for D. persimilis. 
As density inereases, the delay in emergence of adults 
from crowding effects is greater for the former than 
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TABLE 7. Time elapsed before emergence of adults; 
three species reared at various densities and at 16 de- 
grees C. No adults emerge at density 80. 
(A D. pseudoobscura B= D. persimilis 


C— D. miranda) 





Femates at 16° C, 


Mates at 16° 











= Mean+S.E. | S.D. |C.V.| N | MeantS.E. | S.D. | C.V.] N 
Zz days days)| (% days days)! (% 
1 24.714 .243 | .920 | 3.72) 14 23.33+ .408 (1.000 | 4.29 6 
3 23.86+ .160 | .861 3 23 .60+ .226 [1.217 | 5.16) 30 
5 24.75+ .136 {1.027 | 4 3.78+ .154 | .926 | 3.89) 38 
A 6 24.59+ .122 | .976 | 3. 3.65+ .145 |1.063 | 4.49) 54 
10 25.02+ .164 |1.526 | 6.10) 86 24.06+ .124 |1.091 4.53) 78 
20 25.31+ .192 (2.095 | 8.28)119 | 24.21+ .221 |1.342 | 5.54) 147 
40 25.73+ .442 (1.711 | 6.65) 15 | 24.75+ .417 (1.864 | 7.53) 20 
1 24.58+.261 | .005 | 3.68) 12 | 23.56+ .333 [1.000 | 4 9 
3 24.42+ .136 | .693 | 2.84) 26 | 23.44+ .189 {1.101 | 4 34 
5 24.30+ .108 .707 | 2.91) 43 23.67+ .141 |1.010 | 4.3 51 
B t 24.35+ .135 |1.064 | 4.37) 62 22.984 .129 -866 | 3 45 
10 24.44+ .122 (1.129 | 4.62) 85 23 .86+ .136 1.315 | 5.51) 93 
20) 25.12+ .168 1.739 | 6.92)107 24.02+ .164 (2.203 | 9.17) 180 
4 24.00 2 24.59+ .364 |1.500 | 6.10) 17 
1 27.75 5 | 25.83+ .477 |1.651 | 6.39) 12 
3 30.00+ .918 2.449 | 8.16) 7 26.104 .251 |1.349 | 5.17; 30 
5 29.68+ .265 11.155 3.89) 19 26.75+ .162 |1.317 | 4.29) 61 
Cc 6 28.77+ .300 1.080 | 3.75) 13 | 26.074 .149 |1.259 | 4.8% 74 
10 28.50+ .451 (1.687 | 5.92) 14 26.86+ .245 |2.092 | 7.79} 73 
20 29.64+ .729 (2.550 | 8.60) 11 27.314 .226 |2.152 | 7.88) 91 
40) 27.00 1 28.00+ .540 (2.160 | 7.71 16 


TABLE 8. Time elapsed before emergence of adults; 
three species reared at various densities and at 24 de- 
No adults emerge at density 80. 


A= D. 


grees C, 


pseudoobscura B= D. persimilis 
C= D. miranda) 





Mates at 24°C. Femaves at 24°C. 








Mean+ S.E. | S.D. | C.V.| N Mean+S.E. | 8.D. | C.V.} N 
days days)) (% days days)| (%) 

| 13.642 .252) .837 | 6.13) 11 12.89+ .204| .612 | 4.75 9 

3 13.69+ .294 .500 | 3.65) 29 13.07+ .131| .707 | 5.41} 29 

5 13.89+ .202/1.374 | 9.89) 46 33 .105) .715 | 5.36) 46 

A f 13.80+ .124) .821 | 5.95) 44 13.16+ .098) .749 | 5.69) 58 
10 14.90+ .217)1.865 |12.52) 74 14.06+ .167)1.572 |11.18) 88 

20 15.76+ .3222.966 |18.82) 85 14.86+ .187/2.101 (14.14) 128 

40 17.00+ 1.808 4.427 |26.04) 5 17.55+ 1.374/4.123 |23.49 9 
13.82+ .191| .632 | 4.58) 11 13.114 .118| .354 | 2.70 9 

3 13.67+ .095) .466 | 3.41) 24 13.284 .147) .869 | 6.55) 35 
5 13.65+ .208) .655 | 4.80) 43 | 13.32+ .153)1.085 | 8.14) 50 

B 6 13.70+ .068 .504 | 3.68) 56 13.11+ .386) .309 | 2.35) 64 
10 14.08+ .1201.097 | 7.79) 83 13.43+ .114)1.036 | 7.71) 83 

20 $.74+ .162)1.735 (11.77/115 | 14.15+ .152)1.885 |13.32) 158 

40) 15.12+ 1.107 3.130 |20.73) 8 | 15.134 .484/2.652 |17.53) 31 
17.00 2 16.75+ .389)1.348 | 8.05) 12 

3 18.00 2 16.48+ .407|1.954 |11.86) 23 

5 20.57+ .308 .816 | 4.08) 7 17.62+ .355/1.628 | 9.24) 2 

( f 7.50 2 16.75+ .160)1.013 | 6.05) 40 
1 0 17.05+ .266/1.192 | 6.99; 20 

2 0 | 18.124 .612)1.732 | 9.56, 8 

4 0 | 15.00 : 1 


for the latter species. Thus, if the values of females 
of the two species are compared at the lowest and the 
highest density, the following values are obtained: 


At density 1, D. pseudoobscura and D. persimilis 
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hatch after 12.89 and 13.11 days, respectively; at 


density 40 the latter hatches after 15.13 days, and 
D. pseudoobscura after 17.55 days. Males give 


similar results. 

D. miranda females hatch about three days later 
than females of the other species even at low densities, 
and there is a slight delay in the higher densities. 
The few males that survive hatch later than females. 
The effect of density on this species at 24°C is not 
as marked as for the other species because most of 
the larvae die as a result of the higher temperature 
rather than as a result of crowding effects. 
than males, and 
temperature has a greater delaying effect on emerg- 


In general, females hatch earlier 
ence of flies than density. 

The preceding sections may be summarized as fol- 
lows: For all densities and both temperatures the 
weight of females is greater than the weight of males. 
At lower densities the weight of flies reared at 16°C 
is greater than at 24°C, but this temperature effect 
disappears when competition densities are attained. 
D. miranda is heaviest, D. persimilis is lightest, and 
D. pseudoobscura most resembles the weight of the 
latter species, but it is heavier. There is a consistent 
drop in weight as density increases until the minimum 
size is attained. This minimum size is characteristic 
for each species, and it depends on the “normal” size 
of the species. Thus, D. persimilis attains the lowest 
minimum weight, followed by D. pseudoobscura and 
then by D. miranda. 

Generally, flies hatching first weigh most, with a 
progressive decline in weight for flies emerging on 
subsequent days. But at high densities some flies 
hatching last may weigh as much or more than flies 
emerging earlier. 

The developmental rates are affected by crowding. 
The effect is not so obvious at 16°C but at 24°C it is 
quite noticeable. In general, females of all three 
species studied develop faster than males. At either 
temperature, and at low densities, D. persimilis de- 
velops at about the same rate as D. pseudoobscura 
(although this species tends to pupate at a slower 
rate), but both develop faster than D. miranda. At 
the highest densities (20 and 40) D. persimilis de- 
velops faster than D. All three 
species develop much slower at 16° than at 24°C. 

Few D. miranda adults survive at 24°C (a tempera- 
ture of 25°C being sublethal), and males appear to 
be more sensitive to the higher temperature than fe- 
males. Males are also more affected by crowding, 
with the result that more females are obtained even 
at 16°C. 

At both temperatures D. pseudoobscura and D. 
persimilis vials yield the same number of adults up 
to density 10. At density 20 and perhaps 40, more 
adults of the latter species emerge. This is probably 
owing to the fact that D. persimilis is a smaller species 
and it can better exploit the amount of food availa- 
ble. At the lower densities the sex ratio of both 
species is close to 1:1. At the higher densities signifi- 
cantly greater numbers of females than of males 


pseudoobscura. 


emerge as adults. 
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At density 80 larval mortality becomes 100% at 
either temperature. 

In general the findings of the present investigation 
agree with those obtained by Sang for D. melano- 
gaster: Under conditions of slight crowding the size 
of emerging flies is sacrificed, but not the numbers. 
At higher densities mortality for the larval and 
pupal stages increases. There is also an increase in 
preadult development, especially at the larval stages. 

Larval starvation has other consequences previously 
unreported in Drosophila literature: At high densities 
larvae can change their food habits drastically. In 
the absence of yeast as food, larvae may practice 
necrophagy of adults drowned in the medium or dead 
adults still in pupa Apparently surviving 
larvae will not feed on dead larvae. 


“ases. 


IT. INTERSPECIES COMPETITION 

Having presented the results of intraspecies com- 
petition we are ready to examine the outcome of com- 
petition when two species are involved. Although the 
same subheadings will be used as in the preceding 
sections, the order of presentation has been altered 
and data for pxreimaginal mortality are presented 
last. Under this heading it is desirable to use the 
terminology employed in the tables. Henceforth D. 
pseudoobscura, D. will 
simply be referred to by the letters A, B, and C, 
respectively. It is also convenient to discuss the re- 
sults of competition between A and C, and B and C 


persimilis and D. miranda 
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Fig. 4. Change in weight in relation to density, two 
species competing at 16°C, 
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Fie. 5. Change in weight in relation to density, two 
species competing at 24°C. 
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together. Competition between A and B will be 
discussed in a separate section. 
A, RESULTS OF COMPETITION IN AC AND BC VIALS 


1. Change in weight in relation to density 

The data for AC and BC vials are summarized in 
Tables 9 and 10 in which the weight of males and fe- 
males are reported separately, and in Figs. + and 5 
which represent unweighted averages of the weight 
of the two sexes. 

All the points outlined in the summary for single- 
species vials apply in considering the results of the 
mixed-species vials, but there are some differences, 
namely: (1) the only density at which the weight of 
C is the same in both control and experimental vials 
is the (density 2); at higher densities the 
mean weight of C is lower than the mean weight of 
the other species involved, and much lower than the 
weight in single-species C-vials of 
densities (ef. Figs. 2 and 3 and Figs. 4 and 5); (2) 
A-flies in the AC vials weigh more than flies in the 
A-controls, and B-flies in the BC experimentals 
weigh more than flies emerging from single-species 


lowest 


corresponding 


Change of weight in relation to density; 
No adults emerge 


TABLE 9. 
two species competed at 16 degrees C. 
at density 80. 

(A = D. pseudoobscura B =D. persimilis 


C— D. miranda) 





Mates at 16° C. FemaLes aT 16° C. 


Mean+S.F. | S.D. | C.V.| N | Mean+S.F.. S.D.  C.V.) N 
ay 


(mgs.) mgs.)| (%) mgs. mgs. y 





2 |1.468+ .034 | .149 |10.19) 19 |1.773+ .030 | .116 | 6.55) 15 











6 |1.296+ .023 | .171 |13.16) 56 |1.592+ .026 .187 11.76) 54 

A 10 {1.1294 .022 | .199 |17.60) 78 |1.328+ .024 .237 (17.83) 95 

20 -830+ .015 | .179 |22.02)148 | .916+ .018 24.26 160 

40 -669+ .027 | .191 |28.61) 51 | .658+ .017 26.66) 105 

AC |— - 
2 |1.473+ .059 | .195 |13.23) 11 |1.975+ .187 | .529 26.79) 8 

6 |1.141+ .056 | .232 |20.32) 17 |1.348+ .040  .302 22.94) 56 

Cc 10 |1.020 yp 4 /1.086+ .044 283 26.09) 42 

20 , , nb Asks 0 | .600 1 

40 0 0 

2 |1.353+ .034 | .131 | 9.67) 15 |1.556+ .027 131 8.44} 23 

6 |1.222+ .017 | .117 | 9.57) 50 |1.454+ .020 | .155 |10.65} 59 

B 10 /1.022+ .019 | .180 |17.56) 87 |1.218+ .019 174 14.30) 89 

20 .712+ .012 | .146 |20.52/158 | .904+ .013 179 |19.77/181 

40 .523+ .020 | .097 |18.60) 95 | .608+ .083 | .110 |18.11/175 

BC |—|— : — 
2 |1.620+ .060 | .188 |11.62) 10 [2.1204 .063  .246 11.58) 15 

6 |1.077+ .088 | .316 |29.36) 13 |1.448+ .048 | .310 42 

C 10 -817+ .095 | .232 |28.44) 6] .978+ .014 | .27 27 

20 0 1 

40 0 0 

2 |1.432+ .024 | .113 | 7.92) 22 |1.725+ .059 | .348 |13.63) 16 

6 |1.242+ .022 | .170 |13.66) 59 + .026 | .167 {11.26} 42 

A 10 |1.009+ .019 | .164 |16.21| 7 + .023 | .204 |18.82) 80 

20 -634+ .018 | .145 |22.84) 62 | .678+ .016 .153 |22.52) 88 

40 467 , 3 | .586+ .052 .127 21.08 7 

AB |—|—— —|———  ——|— -- —- 
2 |1.388+ .030 | .124 | 8.90) 17 |1.638+ .031 | .143 8.74) 21 

6 |1.179+ .022 | .155 |13.17) 52 |1.440+ .021 | .140 | 9.70) 43 

B 10 -906+ .017 | .173 |19.12| 99 |1.084+ .027 .203 18.69) 58 


20 -610+ .O11 | .122 |20.02/135 | .7514+ .015 — .143 
40 -550+ .020 | .067 |12.26) 12 | .574+ .020 | .088 


19.04) 90 
15.37, 19 











TABLE 10. 
twe species competed at 24 degrees C. 
at density 80. 


(A = D. 


Change of weight in relation to density; 
No adults emerge 


pseudoobscura B =D. persimilis 
C— D. miranda) 





T 
Maes at 24°C. Femaves at 24°C, 


S.D. | C.V.| N | Mean+S.E. | S.D. | C.V.| N 


Mean+ §.E, 


Larval 
Density 








mgs.) | (mgs.)} (%) (mgs.) (mgs.)| (%) | 
2 1.2684 .029 | .125 | 9.83] 19 |1.500+ .032 | .143 | 9.53] 20 
6 1.1774 .025 | .176 |14.92) 48 |1.407+ .024 | .184 |13.04] 58 
A 10 (1.0674 .015 | .135 |12.67) 85 |! .285+ -016 | .145 11.30} 85 
20 © 7944 .015 | .166 |20.83)127 | .919+ .015 | .190 |20.68]156 
40 | .664+ .018 | .177 |26.61/100 | .618+ .020 | .203 /32.88]103 

Ac |= : = = : —|- 
2 /|1.100 | 1 |1.443+ .093 | .245 |16.97) 7 
6 (1.200 1 |1.263+ .058 | .252 /19.93] 19 
ry 10 -200 1 11.018+ .050 .208 |20.40) 17 
20 0 | | 0 
40 | 0 0 

| | 
2 1.1174 .019 | .091 | 8.14] 24 [1.3334 .028 | .118 | 8.85] 18 
6 (1.0614 .020 | .147 |13.88| 54 /1.2804 .015 | .117 | 9.17) 59 
B, 10 | .9434 .016 | .152 |16.14] 92 [1.1184 .021 | .195 |17.48] 88 
20 | .730+ .009 | .117 |16.00/171 | .880+ .012 | .150 |17.03]159 
40 .507+ .010 | .100 |19.62/101 | .620+ .009 | .125 |20.10|191 
BC |—I- os = (ein meas OSB & 
2 |1.150 2 1.4784 .097 | .292 |19.72] 9 
6 | 0 1.1504 .053 | .242 |21.03) 21 
C! 10 | 0 |1.083+ .080 | .195 |18.00) 6 
20 0 ce: | 0 
40 0 0 
2 (1.2524 .037 | .178 |14.22} 23 1.4384 .040 | .159 |11.06) 16 
6 (1.1514 .024 | .174 15.10) 51 {1.3854 .021 | .158 111.42) 55 
A 10 | .868+ .016 | .130 |14.95) 68 |1.055+ .022 | .208 [19.71] 91 
20 | .703+.018 | .143 |20.28] 60 | .721+ .017 | .163 |22.61| 91 
40 | .527+ .023 | .077 |14.70| 11 | .675+ .024 | .114 [16.93 24 
AB |— a et 
2 (1.1244 .030 | .138 |12.26] 21 |1.416+ .036 | .158 |11.16| 19 
6 |1.029+ .021 | .153 14.87) 51 |1.284+ .019 | .132 |10.24) 49 
B10 | .852+ .015 | .145 |16.97| 88 /1.009+ .021 | .162 |16.06| 57 
20. .573+ .010 | .100 |17.45) 96 | .692+ .013 | .107 |15.52) 66 
40 .492+ .028 | .104 |21.16| 13 | .566+ .027 | .145 |25.65) 29 

| | 

B-vials. Thus, if the weight of B-females in controls 


(Table 4) is compared with the weight of B-females 
in experimentals (Table 9) the following values are 
seen: : 





WerGcut oF B-Fema.es aT 16° C IN MGM. 





Density Controls Experimentals 
Tm 1.589 ; 
2 ee 1.556 
3. [| i 
5 1.416 sate 
Be rs oSsies 1.353 1.454 
| eran 1.018 1.218 
20 ats .695 904 
40. .531 608 





It is evident that the weight in experimental vials 
of density 6 is intermediate between weights in con- 
trols of densities 3 and 6. Even at the highest density 
the weight in experimentals (density 40) is inter- 
mediate between weights in controls of densities 20 
and 40. 


The same results are obtained when similar 
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comparisons for B-males, and for A-males and A-fe- 
males, are made at both temperatures. 

Thus the weight of A, B, or C, depends on the 
particular conditions under which the larvae are 
reared: A and B-larvae produce heavier flies when 
reared with C than in single-species A or B-vials of 
equivalent densities. On the other hand, C attains a 
lower weight when reared in association with A or 
with B than when reared by itself. 

When the flies are grouped into classes by order 
of appearance as was done for the single-species vials, 
both A and B exhibit a progressive decline up to a 
density 10 at 24°C. At higher densities there is a 
marked rebound in weight for A at densities 20 and 
40. For B there is no inerease in weight at density 
20, but there is a slight increase in weight for late- 
C shows a progressive 
At higher densi- 


emerging flies at density 40. 
decline in weight up to density 10. 
ties C-flies fail to emerge. 

At 16°C both A and B show a progressive decline 
at all densities, but C only at the first two densities 
(2 and 6). At densities above 10 practically no C- 
flies emerge so that only density 10 can be considered. 
But, judging from the mean weight of C-flies, this 
density is a critical one for C. These flies exhibit a 
rebound in weight in both AC and BC vials. 

The mixed-species vials, then, are no exception to 
the weight-rebound phenomenon. The most likely 
explanation for the lack of an increase in weight for 
A and B in the AC and BC vials at 16°C is that 
after the elimination of C neither A nor B experience 
the high levels of crowding which exist in high-density 
single-species vials. 

2. Developmental rates in AC and BC vials 

a. Days elapsed before pupation—The data are 
summarized in Table 11. In general, AC and BC 
vials give results similar to the single-species A or 
B-vials for eorresponding densities. This is expected 
because A and B always pupate prior to C irrespec- 
tive of temperature or density. The only density 
worthy of comparison in the control and experimental 
series is the density 40. In the intraspecies vials 
(Table 6) there was a marked delay in pupation of 
larvae reared at this density for all three species at 
both temperatures. In the AC and BC vials of densi- 
ty 40 the delay in pupation is not as marked. Indeed, 
the pupation rates in these vials most resemble the 
rates obtained at density 20 of single-species vials. 

So that, for all practical purposes, at both tempera- 
tures A and B in the mixed-species vials behave as if 
C were absent. 

b. Days: elapsed before emergence of adults.——The 
data for all species combinations and for the two 
temperatures are presented in Tables 12 and 13. The 
difference between the various densities in AC or BC 
vials at a given temperature is not significant, even 
when the values widest apart (for A-males or females 
or B-males or females) are considered. As in the 
single-species A and B-vials, however, there is a 
progressive delay in time of emergence as density 
increases, although this delay is not so pronounced 
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in the mixed-species vials as in the single-species 
vials. Thus in BC vials the minimum-maximum 
values for B are 13.08 and 14.70 days, respectively, 
when both sexes are considered. In the B-controls 
the delay is from 13.11 to 15.13 days considering 


both sexes. On the other hand A in AC vials 
has a progressive delay from 12.55 to 14.94 days 
for females, and 13.63 to 16.86 for males. In 


the A-controls the minimum-maximum values for A- 
males and females (Table 8) are 13.64-17.00 days, 
and 12.89-17.55 days, respectively. It is clear, there- 
fore, that the delay for A and B is greater in single 
than in mixed-species vials when these species are 
reared with C. On the other hand, the delay of C 
above density 2 is quite marked. C-adults in AC 
and BC vials of densities 6 and 10 emerge as late as 
C-flies reared at densities 20 and 40 in single-species 
vials. This suggests that C encounters intense com- 
petition conditions in the mixed-species vials. The 
delay in hatching-time is greater when C is reared 
with A in AC vials than when C is subjected to com- 
petition with B in BC vials. 

3. Preimaginal mortality and adult emergence in AC 
and BC vials 

a. Larval and pupal mortality—tThe data are pre- 
sented in Table 14. The following points can be 
observed : 

(1) For both temperatures crowding results in an 
increase in mortality as density increases, an effect 
also shown in single-species vials (cf. Table 2). 

(2) In the AC and BC vials the precentages of dead 
larvae in densities 2-20, at both temperatures, are far 

. greater than in single-species A and B vials of cor- 
responding densities; the relation is reversed at densi- 
ty 40. 

(3) The percentages of larval mortality are greater 
at all densities in the 24°C conditions for C-controls 
than for AC and BC experimentals. At 16°C this 
is true only for densities 10-40. Density 6 shows 
comparable mortalities for the two series. At the 
lowest density the percentages of larval mortality are 
lower in the pure C-vials than in the mixed-species 
vials. 

(4) As the percentage of total pupae depends on 
the number of larvae surviving, the relation of densi- 
ty to total pupae is the opposite from that stated 
under (2) above. 

(5) For densities 2-6 the percentage of dead 
formed pupae in AC and BC vials is greater at 24° 
than at 16°C, but at higher densities the values be- 
come about the same for both temperatures; fewer 
dead pupae occur in single-species than in mixed- 
species vials up to density 10, but densities 20 and 
40 show a reverse relation. 

(6) As in single-species vials, a density of 80 re- 
sults in death of all the larvae in mixed-species vials 
of any species combination. 

The data suggest that the majority of the dead 
larvae and pupae belong to C. But since larvae and 
pupae for these species cannot be told apart, it is 
necessary to examine the data on adult emergence 
before more definite conclusions can be advanced. 





SIBLING SPECIES OF THE Pseudoobscura Suserour or Drosophila 





399 


b. Adult emergence.—The data for all species com- 
binations and for both temperatures are summarized 
in Table 15 and the AC and BC data are reproduced 
graphically in Figures 6 and 7. As found in single- 
species vials, the percentage of adults emerging in 
AC and BC vials above density 10 decreases rapidly 
at both temperatures as density increases. When the 
numbers of adults emerging are considered as per- 
centages of the number of larvae originally introduced, 
the values for adults emerging from densities 2-20 
are significantly lower than in single-species A or 
B-vials. At density 40 the percentage of adults 
hatching becomes greater in the experimental- than in 
the control-vials. 

A better way to present the data is to express the 
number of adults of a given species as percentages 
of the number of larvae of that species used original- 
ly. When that is done the following values are 
obtained : 





PERCENTAGES OF LARVAE OF EACH SPECIES EMERGiNG 





AS ADULTS 
AC Vials BC VIALs 
Temperature] Density |_———___—_——___|__—_— —- 
A adults! C adults; B adults} C adults 
2 85.00 50.00 92.68 60.98 
6 90.24 50:35 93.16 47.86 
16°C. 10 88 .50 23.00 91.79 41.03 
20 77.50 0.25 85.75 0.25 
10) 19.62 0 33.90 0 
2 97 .50 20.00 | 100.00 42 .86 
6 86.18 16.26 91.87 19.51 
24° 'C. 10 85.00 9.50 93 .00 3.00 
20 i2a0 4 0 83.25 0 
40 26.88 0 38.50 0 





It is evident that C contributes considerably more 
than the other two species to the high larval and 
pupal mortality. Comparisons with single-species 
data indicate that higher values of adults hatching 
are obtained for C in the controls than in the ex- 
perimentals at both temperatures; higher values of 
emerging adults are obtained for A and B when they 
are reared with C than for corresponding densities in 
which A and B are reared alone. Comparisons of 
the results of AC with BC vials for any given tem- 
perature show the following major points: (1) the 
values of developmental rates for C in the AC vials 
are of the same order of magnitude as in the BC 
vials; (2) the weight of C-survivors is greater when 
their larvae had been reared with A than when reared 
with B; (3) judging from percentages of adults, C 
does better in association with A than in association 
with B; (4) when competition effects are accompanied 
by an adverse temperature effect, C is eliminated 
faster by both A and B; (5) comparing the percent- 
age of A- and B-survivors in AC and BC vials at 
both temperatures, it is seen that a larger percentage 
of B hatch in BC vials than A in AC vials, but both 
A and B produce more adults in these vials than in 
single-species A or B vials. 








400 
oo s adi 
0 
e 
s0| 
3 « 
= a 
x} 
aT* & . ec zt ‘ P ae 
{ > PSEuDOCe * E2)= 2 wimanoa 
Fig. 6. Adult emergence of two species of Drosophila 


competing at various densities and at two temperatures. 





cel ec | zarc 
ve} i 
ee 
re} ] 
. 
| | 
. + | 
: 
= eel ! ; { 
z | 
© a j 
; 
20) | 
| | 
| 
+ a ee | 
2 ae ae so 2 ° 20 4° so 
‘ 
TOD fb Pesiumurs [J > wiRanoa 
Fic. 7. Adult emergence of two species of Drosophila 


competing at various densities and at two temperatures. 


The conclusion is that both A and B benefit from 
an association with C, especially when the amount of 
food per larva becomes reduced. Since C is elimi- 
nated at an early stage of its development, the death 
of larvae of this species releases the other two species 
from competition as severe as that encountered in 
high-density single-species vials. The elimination of 
C by A and B ean best be attributed to the slower de- 
velopmental rate in the case of C, to its larger size, 
and, therefore, to a greater requirement of food. As 
density increases and C is eliminated from the AC 
and BC vials, interspecies competition is replaced 
by intraspecies competition. This intraspecies com- 
petition becomes so severe at density 80 in the mixed- 
species vials, that no adults emerge. 

B. Resu_ts or CoMPETITION IN AB VIALS 

Consideration of the results of competition between 
A and B has been postponed to this section because 
two different experiments are reported and it is neces- 
sary to point out differences in technique and in the 
results, 

l. Weight in relation to density in AB vials 

The effect of crowding on weight of A and B in 
single-species vials has already been pointed out in 
the previous sections. The results of the mixed- 
species AB vials at the lower densities (2-10) are ap- 
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obtained in the A 
t and 


proximately the same as those 

and B-controls (ef. Figs. 2 and 3, and Figs. 
5), so that discussion will be limited to densities 20 
and 40. The following table summarizes the data 
in Tables 4 and 5 (weights in single-species vials), 
and Tables 9 and 10 (weights in mixed-species vials) 


for those densities: 





Comparison OF WEIGHT RESULTS OF A AND B 


CONTROLS EXPERIMENTALS 


A B A B 
Temp. | Density : i : 2 
C. © 3 ‘ ‘¢ z 3 2 ‘¢ 
S\flzi/f|alel/2aie 
; 20 . 634). 736) .560).695) .634).678).610).751 
45 40 .646) .706) . 550) .531).467) 586) .550) 574 
. 20 .605) .690) .556) .664) 703} .721)| .573) .692 


40 580) .638) . 488] .475].527|.675/.492) .566 


It is obvious that, in the controls, A males and fe- 
males weigh more than B males and females at any 
given temperature and density. In the experimentals 
each temperature must be considered separately. At 
24°C the weights of the two sexes of A continue to be 
greater than the weight of the two sexes of B. At 
16°C the weight of A males becomes about the same 
as the weight of B males at density 20, but at density 
40 the B males outweigh the A males. (The signifi- 
cance of the difference cannot be established statisti- 
‘ally owing to the small numbers of A males, but it is 
probably a real difference.) The weight of A females 
at density 10 turns out to be the same as the weight 
of B females. At density 20 B females weigh more 
than A, and at density of 40 there is no difference 
probably owing to the small numbers of females 
classified. It should be remembered throughout this 
and the following subsections that the data presented 
in the tables are based on flies for which it was pos- 
sible to obtain species classification. This has cer- 
tain drawbacks because all the unidentified flies were 
females. That the unclassified females 
was large can be seen by referring to Table 15. The 
majority of these females may have we'ghed less than 
those entered in the Table. Although some weight 
data for males were lost through their drowning, it is 
felt that the data for males are more complete than 
the data for females because all the males were identi- 
However, an analysis based on males 


number of 


fied to species. 
alone also has its disadvantages because, as it was 
pointed out in the intraspecies study, the sex ratio 
at high densities deviates significantly from the 1:1 
‘atio in favor of the females. 
2. Developmental rates in AB vials 

a. Days elapsed before pupation.—As in the single- 
species study, the data presented here are limited to 
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the first observed pupation, and they are summarized 
in Table 11. The AB vials show that the mean days 
elapsed most resembles the mean pupation rate of 
single-species B-vials. This is not unexpected be- 
cause in the single-species studies it was shown, cor- 
roborating Poulson’s (1934) observation that B gen- 
erally pupates before A. Even for density 40, at 
both temperatures, it is observed that the larvae in the 
AB vials do not pupate as late as in the A-controls, 
strongly suggesting that what is reported is the 
faster development of B than A in the experimental 
vials, 

b. Days elapsed before emergence of adults in AB 
vials—The analysis of development, ete., is based on 
adults classified to species. The data make up Tables 
12 and 13. In the following, the discussion is limited 
to males, but females give similar results. A-males 
and B-males at 16°C hatch at about the same rates at 
all densities, and the different for 
those obtained for single-species vials (Table 7). At 
24°C the delay for both species in the AB vials at 
high densities is greater than in the corresponding 
controls, but A-males are delayed more than are B- 
males. Differences of the same degree are observed 
for the classified A and B-females. Thus, the mini- 
mum-maximum values for males in A and B-controls 
are 13.64-17.00 days and 13.65-15.12 days, respective- 
ly. For AB experimentals minimum-maximum values 
of 13.70-21.54 days for A-males, and 13.80-16.80 days 
for B-males are obtained. Significance of the dif- 
ferences can be established only when densities 20 
and 40 are compared with lower densities. Because 
the data for high densities are important for later 
discussion, they are summarized as follows: 


results are no 





MEANS OF DEVELOPMENTAL Rates OF Maes In AB 
Viats aT 24° C, 


Species Density Controls Experimentals 
A 20 15.76 16.57 
40 17.00 21.54 
B 20 14.74 14.83 
40 15.12 16.80 


3. Preimaginal mortality and adult emergence in AB 
vials 

a. Larval and pupal mortality.—The data are sum- 
marized in Table 14. The larvae and pupae of A 
and B cannot be identified to species in mixed-cultures 
by examining them. It is possible, however, to glean 
some information from comparison of the results in 
the experimental and the control vials. At 16°C 
the larval and pupal mortalities for the A and B- 
controls and the AB experimentals are much the 
same. At 24°C single-species A-vials show that 
40.40% of the larvae die at density 20; in the B-vials 
33.60% of the larvae do not live beyond the larval 
stage. AB-vials indicate that 43.42% of the larvae 
fail to survive. These results resemble the A-con- 
trols more than the B-controls. Turning to the dead 
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pupae, it is seen that in the AB experimentals 28.64% 
of the pupae die, whereas in the A-controls 28.52% 
and in the B-controls only 17.80% dead pupae are 
recorded. This again indicates that in the AB vials 
the mortality of the pupae most resembles the A- 
controls. Of course, there are still some doubts be- 
cause the mortality in the AB vials is the sum of the 
mortality of A plus the mortality of B larvae and 
pupae. Examination of the percentages of adults 
emerging in the three types of vials (A, B, and AB) 
follows. 

b. Adult emergence-——The data are presented in 
Table 15 and they are to be compared with numbers 
of adults emerging in A and B controls (Table 3). 
As the numbers of adults hatching at densities 2-10 
are about the same for A, B, and AB vials, only the 
results for densities 20 and 40 are summarized. 





NUMBERS OF ADULTS EMERGING 


CONTROLS EXPERIMENTALS 
Temp.) Density | © | Oo | % | Oo | D | Oo | SD | Oo | oO 
>] Oo] | oO | & | Oo | | oO | oO 
< < a —Q < <— fea) a w% 
16? < 20 119 |147 |107 |180 | 66 | 88 |143 | 90 /|14]1 
40 15 | @ 21 it 3 7) 12); 19 | 34 


°C 20 85 |128 |115 |158 | 63 | 92 {108 | 66 |107 
10) 5| | S| Si 1 12 |) 26) 15 | 20°) 28 


It is clear from the above that many females were 
unclassified (Column X). The data for the controls 
at both temperatures and for density 20 show that 
both A and B-vials produce more females than males. 
The deviation from the expected 1:1 ratio is signifi- 
cant for both species. In the AB experimentals it is 

TABLE 11. Days elapsed before first observed pupa- 
tion; two species competed at various densities and at 
two temperatures. No larvae pupate at density 80. 

(A = D. pseudoobscura B =D. persimilis 
C— D. miranda) 





PupaTion aT 16° C, Pupation at 24° C. 


Mean+8.E. | §.D. 


(days days) 


Mean+S.E. | §.D. | C.V.| N 
days) days)| (% 





OZ) 


C.V.| N 
2 11.26+ .397 |2.065 |18.42) 35 6.55+ .109 | .678 |10.36) 38 

6 10.42+ .099 | .633 | 6.07) 41 | 6.24+ .072 | .463 | 7.42) 41 

AC 10 10.48+ .133 | .847 | 8.08) 40 6.40+ .080 | .506 7.91) 40 
20 10.50+ .145 | .906 | 8.63) 40 6.49+ .103 | .644 | 9.92) 39 

40 11.19+ .281 |1.560 13.96] 31 6.94+ .176 (1.053 15.17) 36 


10.96) 37 6.45+ .091 | .577 | 8.97) 40 


2 10.43+ .188 |1.143 
6 10.22+ .069 | .414 | 4.05) 36 6.05+ .063 | .387 | 6.41) 41 
BC 10 10.05+ .148 | .934 | 9.19) 40 6.05+ .061 | .389 | 6.43, 40 


20 9.80+ .145 | .906 | 9.35) 40 5.98+ .164 |1.049 |17.53) 40 
40 9.94+ .198 |1.029 19.61; 40 


10.35) 35 | 6.13+ .190 |1.202 


2 10.21+ .087 | .563 | 5.51} 42 6.334 .083 | .526 | 8.31; 40 
6 10.15+ .080 | .493 | 4.86) 38 6.07+ .082 | .522 | 8.60) 41 
AB 10 10.00+ .125 | .771 | 7.71) 38 6.14+ .106 | .550 | 8.96; 35 
20 10.16+ .103 | .722 | 7.11} 49 6.41+ .092 643 (10.03) 49 
40 10.17+ .223 |1.195 |11.76) 29 7.40+ .214 |1.358 (18.35) 40 
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TABLE 12. Time elapsed before emergence of adults; 
two species in competition at various densities and at 
16 degrees C. No adults emerge at density 80. 
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TABLE 13. Time elapsed before emergence of adults; 
two species in competition at various densities and at 24 
degrees C. No adults emerge at density 80. 














(A = D. pseudoobscura B =D. persimilis (A D. pseudoobscura B= D. persimilis 
C— D. miranda) (‘— D. miranda) 
Mates at 16° C. Femaves at 16°C. _ Mates at 24°C. Fema.es at 24°C, 

Mean+&.F. | 8.D. |C.V.| N | Meant&.F. | S.D. | C.V.| N BE?) MeantS.E. | 8.D. |C.V.| N |Mean+S.E. | 8D. | C.v.| N 

days days)| (% | (days days) (%) B30 days days)| (% days) days)| (%) | 
2 (24.374 .301/1.312 | 5.38) 19 |23.734 .267 |1.035 | 4.36) 15 2 |13.63+ .153 | .667 | 4.89) 19 |12.5% .113) .507 | 4.04] 20 
6 (24.544 .177/1.337 | 5.45) 57 |23.24+ .150 (1.099 | 4.73) 54 6 |13.50+ .079 | .546 | 4.04) 48 /12. .074| .562 | 4.38) 58 
A 10 (24.65+ .129)1.140 | 4.63) 78 |23.92+ .126 [1.239 | 5.18) 97 A 10 |13.79+ .099 913 | 6.62) 85 |13. .077| .707 | 5.36] 85 
20 (25.034 .173)2.115 | 8.45)149 [24.424 .131 |1.664 | 6.81/161 20) (14.714 .151 [1.721 |11.70)129 |13. . 103)1.300 9.41}152 
4( 25.334 .242)1.726 | 6.81) 51 [24.954 .158 |1.630 | 6.53/106 40 |16.86+ .298 [3.043 |18.05/104 /14. .168}1.771 j11.85 11 

AC |j— - - AC |——| 
2 /27.64+ 1.031)3.421 |12.38) 11 [26.334 .687 |2.061 | 7.83) 9 2 117.00 1 16.714 .556)1.472 8.81) 7 
6 (29.294 .243)1.414 | 4.83) 17 [27.124 .261 |1.954 | 7.20] 56 6 /20.00 1 |17.32+ .058/1.000 | 3.97) 19 
bs 10 |28.75 4 28.67+ .324 |2.101 | 7.33) 42 & 10 {18.00 1 (17.59+ .411/1.696 8.66) 18 
20 0 [34.00 1 20 0 | 0 
40 0 0 40 0 "| 0 
2 (24.674 .183) .707 .507 | .243 | 1.03) 23 2 |13.96+ .123 | .626 | 4.48) 24 |13.17+ .099) .420 3.19) 18 
6 (24.50+ .105) .742 185 |1.420 | 5.92) 59 6 |13.68+ .065 476 | 3.48) 54 /13.08+ .045] .343 | 2.62) 59 
B10 |24.55+ .206) .942 118 [1.115 | 4.74) 90 B} 10 [13.774 .074 | .722 | 5.24] 95 |13.12+ .068] .650 | 4.95] 91 
20 «(24.894 .126)1.601 .079 |1.070 | 4.53/182 20 |13.83+ .098 |1.292 | 9.34/173 113.294 .073) .928 | 6.98)160 
40 (25.41+ .160)1.578 -098 |1.319 | 5.37)181 40) {14.704 .175 [1.792 |12.19/105 [13.814 .100)1.427 |10.33)/203 

BC i— : . BC = 
2 |28.90+ .407\1.287 | 4.45) 10 |25.47+ .214 | .833 | 3.27) 15 2 117.50 2 116.78+ .333/1.000 | 5.96) 9 
6 (29.78+ .502,2.253 | 7.56) 14 |26.60+ .223 |1.448 | 5.44) 42 6 0 |17.46+ .217/1.063 | 6.09) 24 
( 10 (29.004 .774/1.897 | 6.54) 6 /28.04+ .386 |2.046 | 7.30) 28 & 10 0 18.174 1.080/2.646 [14.56) 6 
20 0 130.00 1 20 0 | | | 0 
40 0 0 40 0 0 
2 (24 192) .900 | 3.70) 22 (24.56+ .209 {2.052 | 8.36) 16 2 |13.70+ .118 | .564 | 4.12) 23 113.06+ .194) .775 5.93) 16 
6 (24 154,1.182 | 4.81) 59 |23.62+ .199 [1.288 | 5.45) 42 6 |13.70+ .100 | .707 | 5.16) 51 |13.18+ .069) .509 | 3.86) 56 
A 10 (25 165/1.446 | 5.72) 77 (24.25+ .134 |1.196 | 4.93) 80 4 10 |14.61+ .178 1.489 |10.19] 70 |13.98+ .143]1.366 | 9.77) 91 
20 (25 331.1.600 | 6.67) 66 (24.17+ .125 |1.170 | 4.84) 88 20 (16.514 .401 |3.183 19.21) 63 |15.28+ .263/2.506 116.40) 92 
40 (24 3 |24.57+ .202 535 | 2.58) 7 40 (21.54+ .112 |3.728 |17.31] 11 |20.38+ .092/4.000 {19.63} 24 
AB = AB - - 
2 (24.882 .148) .612 | 4.56) 17 |23.52+ .207 | .949 | 4.03) 21 2 |13.864+ .129 | .592 | 4.27) 21 |13.21+ .094) .408 | 3.09) 19 
6 (24.30+ .122) .888 | 3.65) 53 |23.37+ .141 | .926 | 3.¢6) 43 6 |13.80+ .069 490 | 3.55) 52 13.45+ .092) .646 | 4.80) 49 
B 10 (24.72+ .107/1.073 | 4.34/100 |23.83+ .137 |1.043 | 4.38) 58 B 10 |14.20+ .127 {1.224 | 8.62) 92 |13.38+ .113] .858 | 6.42) 58 
20 =(25.03+ .149/1.783 | 7.12)143 [24.614 .133 {1.259 | 5.12) 90 20) |14.83+ .147 (1.537 |10.36)108 |14.07+ .171/1.398 | 9.94) 66 
40 25.00+ .3691.279 | 5.12) 12 |24.63+ .334 |1.456 | 5.91) 19 40 |16.80+ .822 (3.184 |18.95) 15 |15.96+ .640/3.448 |21.60) 29 


found that, at both temperatures, the ratio of male 
to female is still in favor of the females for A but 
in the case of B significantly more males than females 
have been identified. While the possibility that some 
of the X-females may be A is not excluded, the data 
strongly suggest that most of the unclassified females 
belong to species B. These data, and the data for 
larval and pupal mortalities at 24°C together permit 
a high degree of confidence in the assumption that 
most of the X-females are, indeed, B-females. 

This assumption was subjected to a test, primarily 
because the larvae had been picked at random without 
any effort to introduce equal numbers of male and fe- 
male larvae into each vial. And, since the controls 
were set up simultaneously with the experimentals, 
a possibility (though remote) remained that more 
larvae of one sex were consistently introduced into 
one type of vials, and the other sex was consistently 
introduced in larger numbers into the other type of 
vials. The only way to determine whether the as- 
sumption was correct was to set up a larger number 








of replicates in the hope that in a sufficient number of 
vials identification of all the flies emerging would be 
complete. To this end, between 90 and 100 replicates 
were prepared for densities 20 and 40 of the AB 
experimentals, with a few replicates to serve as con- 
trols. Since in this experiment no C-larvae were in- 
volved, it was possible to collect A and B-larvae of a 
younger age. (Cf. materials and methods section.) 
Therefore, the young larvae were not allowed to feed 
as long on the moist solid yeast nor on the standard 
medium. To prevent flies, especially females, from 
getting stuck on the medium, several dises of sterile 
filter paper, slightly smaller than the inner diameter 
of the vial, were introduced a few days before the 
first adults began to emerge. The filter paper did 
not affect the activities of the larvae in any way, nor 
did it supply the larvae with’ extra food. The flies 
were not weighed, and only the date of hatching was 
recorded. This experiment shall be referred to as the 


“last series.” 
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Number and per cent of dead larvae, total pupae, and dead formed pupae; two species competed at 











(A D. pseudoobscura B= VD. persimilis C D. miranda) 
16°C. 2? C. 
Species | Total Dead Total Dead Formed Dead Total Dead Formed 
Com- Larval Larvee Pupae Pupae Larvae Pupae Pupae 
peted | Density N N 
No. / No. J No. A) No. / No. Y No. Ws 
2 20 = 25.00 60 75.00 6 10.00 10) 28 34.15 54 65.85 7 12.96 40) 
6 57 =623.17 | 189 = 76.83 5 2.64 4] 104 2.28 | 142 S672 16 11.26 4] 
10 161 10.25 | 239 59.75 16 6.69 10) 195 48.75 | 205 51:25 14 6.83 10 
AC 20 463 57.88 | 337 42.12 24 7.12 10 169 58.62 | 331 41.38 10 12.08 410 
10 1314 82.12 | 286 17.88 | 127 44.41 40 11244 77.75 | 356 22.25 137 38.48 40 
80 1600 100.00 0 0 20 (1600 100.00 0 0 20 
2 Oo 2a.47 63 76.83 0 4] 29 34.52 55 65.48 2 3.63 42 
6 55 23.50 |)179 76.50 14 view i 6 39 93 37.80 | 153 62.20 16 10.46 4] 
10 163 $1.79 | 227 58.20 13 5.73 39 198 49.50 | 202 50.50 Ss 3.96 40 
BC 20 440 55.00 | 360 45.00 12 Fs 4() 448 56.00 | 352 44.00 19 5.40 40) 
40) 1248 78.00 | 352 22.00 64 IS.18 4] 1198 74.88 | 402 25.92 90 22.39 40 
SO 1600 100.00 0 0 20 (1600 100.00 0 0 20 
2 2 2.32 $4 97.67 5 5.95 43 $ 1.65 82 95.35 1 1:22 3 
6 14 6.14 | 214 93.86 1 0.47 38 20 8.13 | 226 91.87 3 1.33 4] 
10 55 13.75 | 345 86.25 6 1.74 10 45 11.54 | 345 88.46 14 +.06 39 
AB 20 465 43.06 615 56.94 87 14.15 54 469 43.42 | 611 56.57 | 175 28.64 5A 
4() 1418 90.90 | 142 9.10 67 47.18 39 | 1387 86.69 | 213 13.13 | 106 49.81 40 
80  |1600 100.00 0 0 20 |1600 100.00 0 0 20 
TABLE 15, Adults emerging; two species competed at various densities and at two temperatures. No adults 
emerge at density 80. 
(A = D. pseudoobscura B = D. persimilis C = D. miranda X — unidentified flies) 
AbDULTs aT 16° C, ADULTs aT 24° C, 
- A C X Total A ¢ za Total 
ee N N 
~ &| No. No. No. No. No. Vials} No. No. No No. No. Vials 
BAl ad | 991 dd) 99)/ 99 )/No & a7 | P9177! 991 99)|No & 
4 19 15 11 9 0 54 67.60} 40 19 20 l f{ 0 47 57.32) 40 
6 57 54 17 56 Q (184 74.79) 41 18 5S 1 19 0 (126 51.21) 41 
AC 10 78 97 4 42 2 (223 55.75) 40 85 &5 | 1S 0 |189 47.25) 40 
20 149 161 0 | 2 {313 39.12) 40 | 129 162 0 0 0 (291 36.38 40 
40 51 106 0 0 2 |159 9.94, 40 104 111 0 0 4 (219 13.69 40 
B C X Total B C X Total 
N N 
No. No. No No. No. Vials| No. No. No. No. No. Vials 
oe” | PP] da! 29 99 | No. / ad’ | 92! da’ | 29g 99 | No. gq, 
2 15 23 10 15 0 63 76.83) 41 24 1S 2 9 0 53 63.10; 42 
6 50 59 14 42 0 |165 70.51) 39 54 59 0 24 0 1/137 55.19) 41 
BC 10 &9 90 6 28 QO (214 55.12! 39 95 91 0 6 2 |194 48.50 40 
20 161 182 0 1 4 (348 43.50) 40 | 173 160 0 0 0 333 41.62 40 
40 97 181 0 0 10. (288 18.00) 41 105 203 0 0 4 {312 19.50) 40 
A B X Total A B X Total 
~- - N N 
No. No. No. No. No. Vials| No No. No. No. No. Vials 
go 1 ee Teo} ee 992 | No. w/ estes 2 g ad’ | 8g 99 | No. Y 
2 22 16 17 21 3 79 = =91.75) 43 23 16 v4 19 2 81 94.19) 42 
6 59 42 53 43 16 {213 93.42) 38 51 56 52 49 15 (223 90.65) 41 
AB 10 is 80 160 58 24 (339 84.75) 40 70 91 92 58 20 |331 84.87) 39 
20 66 88 143 90 141 |528 48.89) 54 63 92 108 66 107 (436 40.37) 34 
40 3 7 12 19 34 rb 4.81) 39 11 24 15 29 28 |107 6.69 40 
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TABLE 16a. 
ties and at two temperatures, 


(A = D. pseudoobscura B = D. persimilis) 
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16° C. 


Species Density | Dead Larvae | Total Pupae 


No Q No o/ No. o/s 
10 7 11.67 | 53 88.33 1 1.89 
A 20 49 49.00; 51 51.00} 26 50.98 
40 100 «83.33 | 20 16.67 11 55.00 

10 12 20.00, 48 80.00 0 ve 
B 20 52. 52.00 | 48 48.00 12 25.00 
40 98 81.67 | 22 18.33 12 54.54 


Dead Pupae 


2° <. 
Dead Larvae | Total Pupae | Dead Pupae 
} —- - N 
Vials | No. % No. Q No. % | Vials 
6 11 18.33 | 49 81.67 5 10.20/ 6 
5 68 68.00 32 32.00 11 34.56 | 5 
3 | 120 100.00 0 0 3 
6 10 16.67; 50 83.33] 0 : 6 
5 59 ~=.59..00 41 41.00 14 34.15 5 
3 115 95.83 5 4.17 3. 60.00 3 





TABLE 16b. 
and at two temperatures, 


(A = D. pseudoobscura B = D. persimilis) 


Adults of D. pseudoobscura and D. persimilis emerging; intraspecies competition at various densities 





ADULTs aT 16° 








Total Total 
Species Density ——_———- N —— N 
No. oo" | No. 9 9 No Q Vials | No. oo’ | No. 9 9 No. a Vials 

10 21 31 52 86.67 6 14 30 44 73.33 6 

A 20 9 16 25 25.00 5 12 8 20 20.00 5 

40 5 4 9 7.50 3 0 0 0 ; 3 

10 23 25 48 80.00 6 17 33 50 83.33 6 

B 20 13 23 36 =. 36.00 5 11 16 2i 627.00 5 

40 1 9 10 8.33 3 0 2 2 1.67 3 


ADULTs aT 24° 





C. RESULTS OF COMPETITION 
THE LAST AB SERIES 


The data for AB experimentals for this last series 
are summarized in Tables 17, 18, and 19. Table 17 re- 
ports the number and percentages of dead larvae, 
total pupae, and dead pupae. When this table is 
compared with Table 14, it is apparent that the pro- 
portion of dead larvae and dead pupae is roughly of. 
the same order of magnitude at 16°, but at 24°C a 
greater mortality occurred in the last series. When 
the percentage of adults emerging in the last series 
(Table 18) is compared with the percentage in Table 
15, it is found that the number of imagoes that emerge 
from the last series is smaller than the number emerg- 
ing from the previous experiment, but it is of the 
same order of magnitude as the numbers of adults 
hatching from the last series controls (Table 16b). 
A consequence of using smaller larvae (which had 
barely started to feed on the standard medium) is an 
increase in the severity of competition for food in 
the vials. As a result, mortality of larvae and pupae 
is greater (Tables 14 and 16a). 

In Table 18 the data have been presented in two 
main parts. The first gives the numbers of adults 
classified to species, with an additional column for 
unknown (X) females. The second part includes 
data of vials in which all adults emerging were identi- 


IN 





fied to species. Owing to the fact that at the highest 
density (40), flies are more difficult to classify, the 
number of replicates in which all the flies were classi- 
fied is small (about 10% of the total). For the fol- 
lowing report only the results of the vials with com- 
plete information will be considered. 

It is evident that in the last series only about 20% 
of A and 80% of B-flies hatch at 16°C from density 
20 vials. At 24°C, out of a much larger total, 27% 
were A and 73% B survivors. At density 40 B 
again is the stronger competitor, but it does less well 
at 24°C than at 16°C. 

Table 19 summarizes the developmental rates of A 
and B in controls and experimentals of the last series. 
The single-species controls at 24°C may seem atypical 
in view of previous results, but the discrepancy may 
be attributed to insufficient replication at these densi- 
ties. In the 16°C controls there is something new, 
i.e., a previously undetected delay in developmental 
rates for both A and B at this temperature. But, 
again, A is affected more than B at the highest den- 
sities. 

The mixed-species data are based on all the A and 
B-individuals classified to species. They show strik- 
ing differences from those obtained in single-species 
vials. For example, at 16°C A-males at density 20 
hatch within a mean of 35.69 days and females 30.30 
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TABLE 17. Dead larvae, total pupae and dead pupae; competition between D. pseudoobscura and D. persimilis 
at two high densities and ‘at two temperatures. 


(1 =Data for all replicates. 2—= Data for replicates in which all emerging flies were identified.) 





is” <. 24°C. 
Total -—- —- + - —- —_—_—, ————-- 
Data | Density | Dead Larvae | Total Pupae | Dead Pupae Dead Larvae | Total Pupae | Dead Pupae 
N —-—-——]} ——-— —- N 
No. / No. / No. Q Vials | No. 7 / No. Qi No. g, Vials 
20 931 46.55 (1069 53.45 | 648 60.24 100 (1137 61.13 | 723 38.86 | 340 47.03 93 
1 | 

40 3660 97.34 100 2.66 | 68 68.00} 94 /|3650 98.12} 70 1.88 | 40 57.14 93 
20 197 51.84 | 183 48.16 | 117 63.93 19 510 65.38 | 270 = 34.62 | 1388 51.11 39 


to 


40 331 = «91.94 29 8.06 13. 44.83 9 337 = «93.61 23 6.39 9 39.13 9 


TABLE 18. Adults of D. pseudoobscura and D. persimilis emerging after competition at two high densities and 
at two temperatures. 
(1= Data for all replicates. 2—= Data for replicates in which all emerging flies were identified. (A = D. pseu- 
doobscura B= D. persimilis X = Unidentified females.) 





AvuLTs aT 16° C. ADULTS aT 24° C. 
Total - - — - — ——)- ~ 
Data | Den- a ie B B 4 Total A A B B X Total 
sity | o'o’ | 92 | aa’ | OP 99 ——_——-| N oo 1 82 | ea | 29 99 - 


I N 
No. No. No. | No. No. | No. % | Vials} No. No. No. No. No. | No. % | Vials 


20 35 20 | 127 101 143 (426 21.30) 100 32 56 126 87 82 (390 20.97; 93 


1 
40 0 1 6 a: 18 32 0.85) 94 0 6 3 12 9 30 0.81) 93 
20 6 5 23 26 60 15.00) 19 13 22 51 46 : 132 16.92] 39 
9 
40 Gy tt S a 12 3.50) 9 0 4 1 9 = 14 3.89) 9 





days. On the average, B males take 26.64 days, and summarizes the arguments of theoreticians on this 
B-females 24.37 days to develop. At 24°C both A subject. Owing to the length of this section it cannot 
and B affect each other’s developmental rates; this is be quoted, but the main points are: 
evident if the AB data are compared with A and B- (1) Competition may be prevented by the organism 
controls. But B affects A more than A affects B. itself, by the physical environment, or by the biotie 
This experiment, then, confirms the assumption, environment. (2) When competition occurs, the re- 
based on incomplete identification data, that most of sults may be altered by fluctuations in the physical 
the X survivors were B-females. It also shows that environment. (3) Under constant environmental con- 
the use of younger larvae tends to increase the severi- ditions two species with similar needs and habits can- 
ty of competition. And, finally, it supplements the not live together. One species will be eliminated 
previous observation that when species A and B_- eventually. The time elapsed before its elimination 
compete at high densities, both species affect each depends on the degree of similarity, which can be dis- 
other, but B is more effective in disturbing A’s sur- covered only by experimentation. (4) Experiments 
vival than the reverse. may show that species A may be superior to B in one 
rerreror ans of two ways: “(a) in the combined rate of repro- 
DISCUSSION duction and survival independent of interspecific in- 
Competition was first theoretically considered by  terference: this will depend on adaptation to the 
Darwin (1859). He stated that competition will environment, or (b) in interference (through direct 
generally be most severe between those forms which attacks, conditioning of the medium, consuming food, 
are most nearly related to each other in habits, con- ete.) which reduces the rate of reproduction and sur- 
stitution and structure. The term competition has vival of the competitor. A superior rate of reproduc- 
been defined by Darwin and subsequently by Clements tion and survival of course affects the competing 
& Shelford (1939) as the demand, typically at the species through interference: if there were no inter- 
same time, of more than one organism for the same ference there would be no competition.” To prove 
environmental resources in excess of immediate sup- this argument Crombie lets X and Y be two species 
ply. Crombie (1947) in a section of his paper en- competing for the same resources in a limited environ- 
titled “Consequences of interspecific competition,” ment. Then there are two cases: (a) X is superior 
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TABLE 19. Time elapsed before emergence of adults; 
D. pseudoobseura (A) and D. persimilis (B), Single and 





mixed species vials at various densities and at two 
temperatures. 
MaLes FEMALES 
Mean+ 8.E §.D. |C.V.| N | Meant+S.E. | §.D. | C.V.] N 
days days)} (%) (days) days)| (%) 





e Species at 16° C. 





10 23.76+ .301/1.378 | 5.80) 21 | 22.814 .243/1.354 | 5.94) 31 
A 20 25.33+ 1.155|3.464 |13.67) 9 | 23.54+ .549/3.917 | 8.41) 13 
40 33.60+ .224) .500 | 1.48) 5 | 32.57+ 1.876)5.060 |15.54 7 
10 23.17+ .255)1.255 | 5.29) 23 | 22.44+ .129) .646 | 2.88) 25 
B 20 24.00+ .543/1.958 | 8.16) 13 | 22.78+ .178| .853 | 3.74) 23 
40 34.00 1 | 29.894 1.82215.466 |18.29 9 


Sivete Species at 24° C. 


13.60+ .212)1.161 | 9.89) 30 








10 | 13.57+ .293|1.097 | 8.08] 14 
A 20 14.58+ .394/1.366 | 9.37) 12 | 13.88+ .299) .845 | 6.09 8 
40 13.00 3 | 13.40+ .224) .500 | 3.73 5 
10 13.764 .250/1.031 | 7.49] 17 | 13.394 .157| .901 | 6.73] 33 
B 20 13.734 .234) .775 | 5.64) 11 13.88+ .299) .955 | 7.07) 16 
40 13.50 2 | 13.50 2 
ne MALEs FEMALES 
Zz | 
S Mean+5S.E. | S.D. | C.V.| N | MeantS.E.| §.D. | C.V.| N 
aL days davs)| (% (lavs) dJavs)| (%) 
Mrxep Species at 16° C. 
A 20 (35.694 1.530 8.653 |24.25 30.30+ .195|8.699 |28.71| 20 
40 0 24.00 1 
AB - -— - - 
B 20 |26.64+ .398)4.534 |17.02/130/24.374 .215)2.1£2 | 8.75) 98 
40 |(25.00+ .365) .894 | 3.58) 624.2°+ .556/1.472 | 6.06) 7 
Mrxen Spxctes at 24° C. 
A 20 (20.62+ .872,4.931 |23.91| 32)18.21+ .534/3.$95 21.94) 56 
40 0)17.17+ 2.370/5.814 33.86) 6 
AB eae eee se. — 
B 20 |15.64+ 2.600/2.923 |18.74/126)14.82+ 2.605)2.435 |16.42) 87 


40 (14.00 314.924 .812.2.812 [18.85)| 12 


to Y in interference but equal in rate of reproduction 
and survival. Starting with equal numbers of X and 
y 

interference, but X will reduce the Y population more 
than the opposite. Eventually Y will be eliminated. 
(b) X is equal in interference of reproduction and 
survival as Y, but X has a higher rate of reproduction 
than Y. The same results are obtained, but X elimi- 
nates Y not by interference but by being able to pro- 
duce more offspring. 

In the single-species studies of the present paper 
the effect of density has been investigated. In gen- 
eral the findings are the same for all three species: 
with low conditions of crowding the size of the flies 
is sacrificed, but not the numbers. At higher densities 
there is an increase in preadult development especial- 
ly at the larval stage, and as a result of the greater 
mortality of larvae and pupae, fewer adults emerge. 
As competition becomes severe, a greater proportion 
of males than of females die, but the weight of the 
two sexes becomes about the same. The flies have 


attained a minimum size whieh is characteristic for 





ach will reduce each other’s population through - 
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each species and which is correlated with the “normal” 
size of each species. 

In spite of the fact that these are sibling species, 
significant differences can be observed in their in- 
trinsic properties': Considering D. first, 
this species is sensitive to high temperatures; males 
are more sensitive to high temperatures than females. 


miranda 


Males develop more slowly than females. Conse- 
than females hatch at both 
temperatures. D. miranda (C) develops more slowly 
and weighs more than either D. pseudoobscura or D. 
persimilis at both temperatures. 


quently, fewer males 


The intrinsie properties of D. pseudoobscura (A) 
are somewhat different from those of D. persimilis 
(B): A weighs more than B at all densities. Beeause 
B can attain a lower minimum size than A, B-vials 
produce more adults at densities 20 and 40 than A- 
vials. At these densities there is a delay in hatching 
of adults, but A is delayed more than B. 

In the mixed-species AC and BC studies it was 
found that interference of C with either A or B is 
relatively unimportant. Indeed, these species benefit 
from an association with C: their weight and number 
of adults emerging is greater, and the length of de- 
velopment is shorter than in single-species vials of 
corresponding densities. A and B, on the other hand, 
interfere with C to such an extent, that practically no 
C-flies emerge above density 10 in the AC and BC 
vials. The numbers, weight and length of develop- 
ment of C at density 10 suggest intense interference. 
Thus, the association of C with either A or B is 
harmful to C, with the result that C-adults 
hatch in single-species than in mixed species vials. 

When C 
amount of food is made available to the surviving A 
er B-larvae. But the numbers of A or B-larvae are 
still very high, so that intrinsic effects enter into 
operation as well. The result is that the weight of 
A or B at density 40 is intermediate between the 
weight of A or B at densities of 20 and 40 in single- 
species vials. The main difference, however, lies in 
the number of adults that hatch from the two series, 
and in the length of development of adults under 
the two conditions of competition: in the single- 
species vials fewer A and B-adults hatch at a density 
40, and the delay before they hatch is quite marked. 
In the mixed-species vials of equivalent densities the 


more 


is eliminated at high densities, a large 


delay is not as pronounced, and considerably more A 
and B-adults hatch than in the single-species vials. 

In the AB vials of density 20 and 40 both A and B 
interfere with each other, but the interference—hoth 
of length of development and numbers of 
surviving fiies—is greater on the part of B than on 
the part of A. As a result, fewer A than B-adults 
hatch, and the A-flies take longer to emerge than in 
The 


weight of B-individuals is greater in the AB vials at 


in terms 





single-species vials of corresponding densities. 


' Although the terms “intrinsic’’ and ‘interference’ have 
been used by Crombie (1947), their usage in this paper will be 
the same as the one employed by Frank (1952), namely, 
intrinsic will be limited to effects observed in single-species 
studies, and interference will be restricted to effects observed 
in the mixed-species studies 
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16°C than in the single-species vials. On the other 
hand, the weight of A at the same temperature is 
vreater in the single-species A-vials than in the mixed- 
species AB vials. At 24°C, judging from the weight 
alone, the interference of B with A is of the same 
order of magnitude as the intrinsic effect of density 
in the single-species A-vials, since A in pure species 
cultures of density 40 attains the same weight as the 
A-adults emerging from AB vials of the same density. 
The interference of A with B is not as great as the 
interference of B with A, and as a result the weight 
of B in mixed-species vials is greater than in single- 
Of course, when length of develop- 
ment and numbers of emerging adults are also con- 
sidered, then the degree of interference is brought 
into proper perspective, and in that case B is still 
superior in interference of A at this temperature, as 
it was at 16°C. 

From these results it is evident that 
(hence the severity of competition) is greater the 
more closely the species are related to one another. 


species B-vials. 


interference 


A more remotely related species does not interfere 
as much. The data, then, substantiate Darwin’s 
statement that competition is severest between those 
forms which are most nearly related to each other in 
habits, constitution and structure. 

In the light of the results reported in this paper, 
it is possible to venture a partial prediction about 
the outeome of interspecies competition in population 
cages. In of the fact that D. 
slower species in development, it is expected that it 
will eventually be eliminated by D. persimilis and by 
D. pseudoobscura. Also, it is likely that D. miranda 
will be eliminated faster at 24°C because, in addition 
to competition this species will meet adverse environ- 
mental conditions as well. 

The outcome of competition between D. pseudo- 
obscura and D. persimilis is more difficult to predict. 
Crombie (1947) has emphasized the need of determin- 
ing the superiority of one species in terms of the 
whole life cycle. Dobzhansky (1935) has reported 
that D. pseudoobscura has a higher rate of fecundity 
than D., persimilis at 24°C. At 16°C he finds the 
reverse situation. The outcome of competition in 
dealing with populations of these species, then, will 
depend not only on the degree of interference of one 


view miranda is a 


species upon another, but also on the rate of repro- 
duction and survival of each species. This is in 
line with Crombie’s statement cited above. 

An additional difficulty in predicting the outcome 
of competition between closely related species is 
stressed by Moore (1952). He finds that the result of 
compet:tion between D. melanogaster and D. simulans 
depends on the temperature conditions as well as the 
speed at which the food cups are replaced in the 
population cage. In population cages kept at 15°C, 
in which the food cups are replaced at the rate of two 
or three a week, D. melanogaster is eliminated. In 
population cages kept at 25°C in which the food 
cups are replaced at the rate of four, five, six, or 
eight times a week, D. simulans is eliminated by D. 
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Moore observes that these two species 
Even 


melanogaster. 
find different ecological niches in the food cups. 
though a population cage is simple in design, it is 
quite likely that analogous results may be obtained 
for D. pseudoobscura and D. persimilis. 

Laboratory studies are performed im 
complement and supplement field observations ( Allee 
et al. 1949). The main question that arises from the 
studies on interspecies competition is, how can we 


order to 


account for the coexistence of D. pseudoobscura, D. 
persimilis and D. miranda in the same locality in the 
light of the results of these experiments? The answer 
must be somewhat speculative because not everything 
is known about the interrelationships of these species 
with other organisms under natural conditions. How- 
ever, some observations have been made in the field, 
and the discussion to follow is based on that infor- 
mation. 

It is known that, at least in the Mather region, D. 
pseudoobscura and D. persimilis can coexist in the 
same breeding sites (Carson 1951). The number of 
Drosophila larvae obtained from a slime flux is usual- 
lv very small. Other evidence (Sokoloff, unpublished ) 
indicates that for Drosophila adults the problem of 
finding a slime-flux suitable for feeding or for ovi- 
position may not be as great as the problem of utiliz- 
ing it for these activities. I have seen ants, as well as 
some of the larger Muscidae, disturbing the feeding 
activities of 
On the other hand, spiders le in wait for 


Drosophila of the pseudoobscura sub- 
group. 
anything that may come along, so that a large number 
of Drosophila females may not reach the oviposition 
site at all. 

From these facts, it is likely that competition, 
whether intra- or interspecies, must be slight ordi- 
narily. Competition probably occurs only when the 
number of slime-fluxes available in a given area is 
reduced factors such as 


greatly by environmental 


prolonged or seasonal drouths. I believe that a possi- 
ble way of determining whether D. pseudoobscura or 
D. persimilis have been subjected to competition of 
sort in result 
It has been shown that, when 
competition becomes severe, the weight of the adults 


any nature has become available as a 


of the present study. 


will be reduced depending on the severity of crowd- 
ing. It is true that temperature and other 
ditions in nature are constantly fluctuating. But this 
is unimpertant so far as temperature is concerned, 


since th’s study has demonstrated that when crowding 
is severe the temperature effect on weight disappears. 
It is only necessary to determine whether the weight 
of these adults (preferably those that have recently 
hatched under natural conditions) approaches the 
weight of adults reared under optimal conditions in 


the laboratory. In this way it ean be established 


whether competition has or has not taken place under 
natural conditions. 

As a working hypothesis, it can be assumed that 
competition between D. pseudoobscura, D. persimilis 
and P. miranda in nature is prevented by two main 
factors: 


(1) the environment, which reduces most of 
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the population in the winter or in periods of drouth, 
and (2) the biotic factors (either predators or com- 
petitors other than Drosophila) which may or may 
not utilize the slime-flux as a breeding site, but which 
interfere with Drosophila females, preventing them 
from reaching their biotie potential in oviposition. 
As a result, the potential rate of increase for these 
organisms is never realized under natural conditions. 


SUMMARY 


1. Intraspecies and interspecies competition of 
sibling species of the pseudoobscura subgroup of 
Drosophila (D. pseudoobscura = A, D. persimilis = B 
and D. miranda = C) have been investigated using 
first instar larvae at two temperatures. 

2. In intraspecies studies all three species decrease 
in weight, lengthen their development, and the num- 
ber of survivors decreases as density increases. 

3. The weight relation of these three species stand 
in the relation B<A<C; the developmental rates 
at low densities B= A>C, and at high densities 
B>A>C; and numbers of adults surviving B= 
A>C at low and B>A>>C at high densities. 
Temperature effects disappear at critical densities. 

4. In interspecies studies, the outcome on weight, 
length of development and numbers of survivors de- 
pends on the species involved. When closely related 
species are involved, interference with each other is 
intense. When remotely related species are involved, 
interference with the stronger competitor is not as 
great: Interference of C with A or B is not marked; 
A and B interfere with each other more than they 
interfere with themselves, but B interferes with A 
more than the reverse. 

5. These findings substantiate Darwin’s idea that 
competition will be most intense between those species 
which are most nearly related to each other in habits, 
constitution and structure. 

6. Possible ways of determining whether competi- 
tion occurs in nature are discussed, and a working 
hypothesis that biotic and physical factors prevent the 
realization of the potential rate of increase of Droso- 
phila under natural conditions is advanced. 
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